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. This Syaposium on Wydrazine wnd JIts Applications was
sponsored jolntly by the Naval Orinance Test Svation, Ih:rokori.
Ohine Lake, Cqliforuis, and the Fonel on FPuels Requiring
Oxidigers, of the Cormities on Pwulls ané Laudriocntn, Romeardh
and Development Board, Facilities for the » - .osium were
provided by courtesy of the Illimois Imbuuto of Technology,
Chiocago, Illinois. '

Papsrs vhich do not contain proprietary taforastion
gonstitute Voluae I, for genoral distridbution within security
restriotions. Volwm II sontalnm the rewmining papers, and its
dlatridution 1y sccordingly limited.
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H SYMPOSIUM OR
. ) HYDRAZINE AND ITS APPLICATIONS
NELD AT TME ILLINOIS INSTITUTE OF TECHNOLOOY
. CHIOAGO, ILLIROIS
2-3 FEBRUARY 1953
o
MORNING SES3ION, 2 FEBRUARY 1953
. CHAIRMAN
) ‘PR, K. L. NASON
MONSANTO CHEMICAL OOMPANY
MR, B, L, XLEIN (Resoarch an¢ Developuent Board)s This
B{mpnuium is sponacred by the U, 8, Raval Ordnance Test
-{ Btation and the Fuels aud Lubriosants Conmittes of the Researsh
and Davelopnent Board (partioularly the Panol an Fuels
' Raqulring Oxidizers), and is the reason ve are here today.

I would 1like to point out that the overall classifioa~
tion of the sossion is "Confidentisl," altnough some of the
4 papers vwill be oclasuified lower. The program ias also
: clansified "Confidential.” '

‘here are tvo ohanges in the program., Dr, Eugone Liecer,
head of tho Chenistry Section of the Naval Ordnance Test
8tation, vill give an address of veloome inatead of Dr, Gantsg,
as indloated in the prograa.

Dr, Howvard Kruse, of the Naval Ordnance Test Station,

BT ST A N e S s e T T

vill be chairman of tomorrov morning's session.
If thers ares no qucstinms, then it in my pleasurs at

this Lime to introduce to you th

Fuels Requiring Oxidilorlﬁ.ot the Committee onu Muels a

Lubricants, Researsh and
Nerad of the General Electrio Gompany.

1
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MR, A. J. MERAD (General Electric Company): I ax listed
on the program to velcome you and, as per my ushal custom
I won't take but one minute, It is grand to be able to rind
an auditorium to hold this Symposium that is &n large and
scmfortabls an this one,

The Panel on Fusls Requiring Oxidisers, togethed with
the U, 3, ifaval Ordnance Tent Btation, is holding this
Syupopium, We have held other -ynposiu on other audbjeots,
and the gotting together and the exchanglrg of idean asemed
in thoss oases to be so highly succensful that X look for
this session, to vhioh I sgain veloous you, to produve the
sAmo vesults, I hope you take with you & great deal from
this Syuposium,

MR, KLEIN: Thank you, Teny.

As you all lmov by this time, the Symposium is being
lgouaoved ointly b% the Renearoh and Developsent Beard and
the Naval Onrdnance Teat Station. A word of weloome now
from the Naval Ordnanoce Teat Station, Dr., Eugete Liober.

DR, EVGESE LIMBKR (U.8. Naval Ordnance Teat Station):
This 4o a fumiliar awvditoriwy to me, having spoat & fev
yoars heps As a profesior, and I am glad to ses some of my
very good friends Lere,

I havo an annouwicerent to make which I think ve vill
41l bo sorry to hear, ?Professor Audrieth Lis i1l and #ill
be unabla to attend the conferende, and likewise Professor
Witt of the University of Texas, Profeasor Watt {s bein
repressnted by Mr, Chriep, hovever, and I aw sure he will
ba ably represented.

The wain work of this vonfwrenco lies {mmediately
bofore us, and as the timo ia really short, with only two
days for Gho large nuuber of papsrs and I hope & considerabdle
amount Of disousuion, I will also make my romarks short and
oonocise in behalf of the Naval Ordnance Test Station.,

Ifind it ia & hntgy grivilogo indeed to woloome all
of you in ths nams of the Bureau of Ordnance end the Naval
Ordnance Tost Station to thia oonference. I give suoh

veloomo Lo you from the Technical Director, Dr, Frederiok
Brown, and the Commander of the Station, Oaptain Stroup.

|
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This oonfarence hau its inception in Nuvemlher of 1951 in
a discussion I had with 0111 Sheehan of the Bureau of Ordnance \
in Washionton, and Bill immediataly pansed my suggastion
alony to Uono Mloin, I telephoned hinm and the conference
took birth cbout Mag 1952, 4in the foru of & suggrstad agenda
g:::g I dyev up with the aid of nmy colleagues cut at the
on. . :

For the really hard work in organising this conference
ve must compliwent Gene Klein vho took over the ohief burden
_ of correapondence and the other details, und NOTS' Dy, Hovard
[ Kruse, vith vhom you vill begome beStor acqualnted leter in
the conference.

We shonuld indeed express our indebtedness to our friends,
Illinois Taeoh, for the fine faocilitlea, Nany of you liere,
I thipnk, will reneuber the fine faollities wé onjoyed ot
our ¢rulerence Sa nitrogen oompounds held in Beptexber 1950,

P #ineily, & word of thanks from NOTS to the Chioago |
| office .. ONR for their ald and the fine dinner arrangetent
they have made for we,

e i e

I need not sny that this conference is important snd
timely, At presont everyone ism oconcerayd with the world '
situntion and I express the attitude of all of us in saying X
that wo hope that what is said lhere will aid in solving |
somy of the diffioult military problews vhioh confront us,

If 1 vere agked vhat my high motivation was in oconoeive-
ing this conferenve 1t would be to enasurv solentifie
advanovient in.hydrarine chemistry by dringing together
thin proup of workers of distinotion ao that they might
get to Imow each other,

] Tplnk you,

MR, KLEIN: I pade one omission in the introduotiina.. .
I wvant you all to wmeet Miss Seldby, vho vill record the
| dlscuaslon of this meeting, Niss Selby ia head of the
gonr:ronco Reporting Unit, Research and Developmuent
oard,

3
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It is also & distinot pleasurs for wy to introduce the
rMairpan for the firat session of the Symposium, Dr, Howaxd X,
‘m,un, Direstor of Research for the Organlc Chemioal Division
vd the Monsanto Chemical Company, and & menber of the Panel

on Pusls Requiring Oxidizers, Research and Developrent Bosrd,

Dr, Nason

(At this point, Dr. Hovard KX, Nason, Monsanto Chemical
Conpany, assused the Chair. .

THE OFAIRMAN: Thank you very much, Qene.

Tvo of the hardent thinfu to get your fingers on in
the overall work in a field like this are the actual require-
ments of ond items related to fuel properties, and inforsation
on what our competition overseas is up to,

We are very fortunate, thevefore, this morning to be
able to start this program with a puper on one of these two
fields, Mr. Ivan Kenis, of the Air Technical Intelligonoce
Qenter, of Wriaht-:neturuon Alr Foroe Base, will present a
discussion of tha "German and Sovlet Exparience in the
Hydrasinoe rtold.* ' ;

Nr. Kenin.

[}
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GERMAN AND SOVIET EXPERiQNQI IN THE HYDRAZINE FIELD
by

.. Iven Kenis
Alr Teghniocal Intelligence Center

T

The Qerman wartime experience with hydrasine has been well
publicised in many report prog&rod 25 the tritish Intelligence
Objeutives Sub=-Committos (1,2,3,5) and the Conbined Intelligence
Objeativen Sub«Committee 45. Thexs reports desoribe the manue
faoture of hydraszine hiyirate by the Raschig process, and minor
modifications of this prooess, in the three Gorman plants which
vere forumorly at Qeprstholfen, ludvigchafen and Laverkuscn., In
adilition, the excellint monogrnph gudrtebh and Ogs treato
the Rasalil process in gome detall il )}« Dutails of tho methods
of manufacture ars familiar to most inveutigntors sud Lt should
suffice Lo bowoh only upon some ¢f the Lroblems ennvuntered by

the Geruans,

The Luverkusen and Gursthofen plant operations were based
on tho partial oxidabtion of memonia by sodium hypoohlorite,
vhoveas the Luwavwigmuafan pluant subetituted urea Zor ammcais an
& mattor of convenionoe, The Ludwigshalsn plant, eatimeted at
20 tons/month oApacity, groduocd hydragine sulfatu from vhioh
the hydrato was recovorsd by troutment with sedium hydroxide
folloved by nuooesalve diatlllations, The Leverkusen plant vas
dnlignod to produce 50 !sns/month and servid om the model fop
the Qersthofon plant whioh was to produce 300 tons/month. AS
both plunts tho hydrate was producsd dirootli without the
intermediats sulfato wtep. The Qursthofen plant was dedigned as
thrwe indepondent 100 ton oapuoity units, ooly oune of which was

Pt into oporation boulfore tho end of the wryy and this unit nover

txoecded a meuathly produotinn of 50 tons,

Porhapa the moat luportent hydvasins davelopuient durlng the
var was the direct reotilication of hydrazine Irom the veaotion
roducts without Uhe interumdiate hydrarine mulfatoe step. It
8 paradoxigal that this impprovement was known to Lhe Rasohipg
firm muny yesars boforo the var bul was to Bo redivcovered by
tho combined effortn of tho I, G. Marben Indvetrle and the
Eleatroohemivohe Werke, Munloli. Although it vis Rasohig who
introduced hydrasine hydrats to the German Aviation Research

5 4
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Institute, the Rasohig plant produced less than five (5) tons .
throughoué the vhole war; hovever, Raschig vas capable of
producing only one ton pesr month,

Equally as important auv the direct reotification process,
vore the yield improvemonts whioh wers brought about by
inoreasing the tom{oratura of the hypoohlorite-armonia mixture
to 16090, and simultanecusly using & high pressuie (30 atw) Sv
mainvaln the reactants in the liquid phase, When the Qermans,
in 1944, sold the hydrazine process to the Jnpanese, the high~
pionoure prodess vas purposaly omitted from the transaction,

The actual transfer of techniocal data to Japan vae delayed bx the

var situation until June or July 1944, The contragt provided for

A Gexrmah teohniolan to go to Japan, but this d1d pot lkoﬁglaoo.

Aw far az ocould he detormined, the Japanese never suvoeedmd in

egoauoins hydrasine in the ghort period from 1944 to the end of
o war,

:

.

During the var, ten impiovenent patents vere filed LY
Gorman inventors, although all were not granted. Aside froa the
diveat vegtifiocation, high=proesure acontinuous proanss, thess
patents oontained Liﬁhlo of any significance. They dealt with
minoy inprovouonty of questionable value. Waithor tha Qerman
noionbiriu 1iterature of that poriod = there ves practically
none pubiished - nor the olassified intelligenco dooumsents
indicated any research on the preparation of anhydrous hydrasine,
Intewrogations on the subjest of anhxdrnuu hydrazine direoted- fin
the principal scientimte enguged in the fleld, confirmed that
only the hydrate vas aconsidered by the (Jerman Government, although
tho advantagey of the unhydroul.groduub vers recognised and &%
Loust one investigator aonsidered beginning research on the
aynthenis of hydrasine from ite eleoments, or from ammonia under
elootrio discharge, The short time Avtiiublo for the dovelopment
of ocommeraial hydrasine hydrate, covering 1940 through 1944, and .
the urfanoy bo lu¥p11 this fuel to their rooket propulsion program,
left little time for remsarclies of leaa immediate rosulte.

Although the ¥r1nuiplnl of the Rasohig procves are vell
known it may be woll to olte come of the practisal difcioulties
the Gormans oxpovienced in produsing tlie hydrale on w continuous
basin, For axample, the prodblem of ntarting up the plant required
& good doal of cowpetonce iu order to bring the system into
oquilibrium, Repsated stoppages due to bombing ralds made it
dirfioult to maintain E:oduot oh At a uniform rate. Furthermore,
it has been reported that woat of the operators vere foreign
prisoners of war, vhioch should have added to tlLe diffioulty of
full ocapaoity operation,

CONFIDENTIAL
SECURITY INFORMATION

.

| ]

PR AR TS I R T e e, T T

T p— -t L el e v
. . [

JJL*_L—‘ .

PRSP

1 B P & Py AR PR [ 4 T




“_'.i

¢

LSONFIDENTIAL

Removal of the sodium ohloride periodically from the first
stop 1n recovering the weak hydrate solution alwo presented &
probles, Exoess sodium hydroxide in the salt caused it to
onlte and dopoalt in the steaw heater, This vwas ailleviated bY
the mainteussnoe of high liqnid velooities through the tubes plus
a gontrol of the FaOH concentration to less then 63 in the veak
llquor. Tho salt ovaporator had to be termorarily chut down
evory tvo hours for »alt romovplé hovover, thias oporation did
not affeot the continuous consontration of the liquor,

Avother problem presented itself in the conoentyation

tovers, The original distiliation tovers vers packod with
gorna!ain Resohig vings, MNowvever, arfter a pariod of opevation

he ringa wore thin and were oomp{otely diesgolved {n tiwoe or
four months. Korcolaln vas obaorved to be doposited evenyvhore,
partiouln.ly as & aoating on tho heater tubnd apd, ovunuysoutly,
the Rasohig riugs wore puplaved with atainless stosl turninga.
Howevor, n few dniu lator the inal ocopsuntrating colunn oxploded,
Subnoquent investigation revealed that vhen the hydrausine Lydrate
vapor was pauand over tho steol turnings, hot spots ooourred at

pointo. on the uurfuuu, and dogonponition bdegan whioh rasultied

in the exploulon, This diffioulty wue overcome by subatituting

statinlons stool bull plates in tho bottuw hilf of tho tover
whore the Lydrasine hydpato conoentration ves tho highost, A
slight positive pitrogen pressure vas slsv employed to rednce
the effent of oxygen explomions.

Tho manufacturing techniques fou the produotion of the
hydratas were nut completoly wooked ous in that the most efffcient
oporation was nevor tohieved, Data used in tha dunign ou the
ilot plant at Levor'.usen showed chat ths soonoumical ohoiom vould
mve to ho madeo betveen the conoontration of hgdrnuino hydrate
in the groduot liquor and the hydruzine yield
matorials, '

aned on the ray

In the plant operntions, hydrasine hydrate was oonoentyated
f'ron 3% to 18%, then to 60F and then to H0%. The plant could be L
ogaratcd to produce Y5% hydrate. Figure 1, page ¥, illustrates
thae effout of the ht ochlerite oohoentration on the yield of : ‘
liydresine hydvate ( S. .

The def'ont of Qermauy Aid pot yiold a great d*al in the
vay of hydrasine hydrato production faoilities or tochnioians
for the Sovist forces since those were not in their zone of
ocoupation, Howevor, this faot 1s of little real aignificance
aince the goviots ha& themselves inveatigated hydrasine syntheses
Lony ysars prior to the war., 1In 1205, Sohostukof? propenod &
then nev synthesis based on the action of hypoolhlorites uvn

T
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urea (11). In 1923, Putokhin published, for the devefit of

tho Soviet ohemists, the complete dotaifa of the Raschig process
for the preperation of hydrsgzine, its oalts end the hydrate (12).
Judging f'rom the past Soviot olaims for dincoverien, ve ndy expect
to neo published, ot eoms future date, & moro corplete list of
Bovint 1nvont1ga£or- who will, v doubt, by fHovict chronology,
unte'nte the work of Curtiug (1887) in his isolation of hydrasine
ard Fioohenta work (1875) with organic hydrasines,

A recent reviev of the Soviet litoraturo by Davis, Veaselovs
sky 2pd Johnoteon (6, 7) vhoved that, bused oy the published vork
aveliluble to tho Vestern world, there ssems to be Llittle interest.
in the thormodynsnio proportios of h;ﬂruzino. ‘Thers 18 also a
lack of eontributions to the study ol degoxposition or tho
oxidation of hydearins, Tebhle I eshows the 3soutiibutions to the
litoerature on tho kinetios, thamsodyniwutes, phynicol proYarticl
apd pnoufuctura of hydrazine as oompiled hy Davis, Vessoloveky
and Johnoton (7).

It w11l be noted that Aoviet coatributions nmumver only
olovon out of 172 papora frou all ocountyieas op about mix peroent.
Judaing feoa inforiition recadved from other than sclentitio
publiention ehannols, thaus duta belie tho fuots of what o
notvally cogueprding 4o UBIR. And, in faub, we coh oonoludo that
tha ovidonce of foviet work, whothen of good ox bad quality, is
gonuplououn by tho abueaocs of the Jovdet pupers, Murthep.ore,
rolaiivoly fow of tliosn papors bhave bosn ohperved alnse 1940,
iodloating thal Zmrhmpn & high defrea of ansurity is plaued on
hyd”‘\”"n. invest B.t-’.anﬂo (B‘ 9, 10, 11, 12' 13‘ 14‘ 5)

Fotahle exoaptions to pepere. piblished sinoe 1940 are thowe
by dc.yinhin i&) on binapy syutens of hylrasine and by Pleskoy
{9, 13) on oleotyode potantiols in anuydrous hydrngine, Fleskov
indsooted, in 1048, the pbuuibil!hz of dischargiug the amide 1on
in liguid ammonda end pontulatew the formntion of hydrasine from
the cohdennation of the awide redieale (13), Lo fupbhor cxperie-
mental mvidonce was prescnted to support this poutuletion,

At any vate, tho Boviets did obtatn ?uantiﬁion of hydraxine
hydrata, nontly in the form of the (=3voff* rockaet propwllunt
blend, fron Ospasn wupplydepnts. Surfioient watorial was
availablo to condunt an adequate rooket engine test progrom
until Soviat geontrolled production ocould get uhdervay.'

Sirultaneocunly, they began a veoruiting progyom to obtain
Gornan onginooers apd cheutste formerly suployed in the Geruan

¥OSBVEITT 31% hydrosine hydrate, 56% wethanol, 13% vater plus
K3Cu (on), catalyst (upprox. comp.)
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hydrasine plants. This program met vith little success but, in
apite of this, the Soviets nucceeded in putting into operation

in the East Zone of Gorzany, & hydrasipe hydrate unit at lesst

as largo as the ferman vartime capacity, 7Tuis plant 1w redvorted

to have Qroduoed in oxcess of L0N0 tons hydrasine hydrate during
1951, Planned produotion for 1952 exoesds X000 tonwy wll of

whioh 4= to ba shipped to the USIR. Such large quantitiew, coupled
vith the f8at that probably less than ono-tenth of these qusntities
could find uses other than as & rocket fuel, supzest not only an
aotive rucket test program but probably & well plenned stoek-
piling of this potential Tuei. Nurtieriore, it is not unliktzx
that the Soviets could dehydrate the hydrazine hydrate roceiv

from Gorwany. Sufficfent evidence is at hand to sonfirm Hoviet
fntonso intarest in the rocket alrplanes, ME-163 and the DP3-346,
both of whioh ewployed hydrazine hydrate, Convervion of thuoe
oraft to the uoe of anhydrous hydrdsine, plug an &dequate freexing
yoint depressant, way bo tho Soviut plen.

Bome of the hydrazine manufactured in Goruiny is preduced by
the hydrazine nulfate intermcdiaopy=-asbep followoed by brodtwment with
godivm hydroxide. Annlysio of the sulfabte product agrecd quite
voll with ohemionl handhook data; however, uaberials roprenented
to be the finished hydrate have go far proven to bo only awiodim
soluticnn, probably the raw meterial used in the proosss, ‘There
aro indications thot hiydragine hydbate im also producud via urea
and hypoohlorite, a&u voll as from ecsmonia and bypochlorite without
tho sulfate stop. Thero are at leost thres pluntn acoounted for
in tha Baet Zone of Goruany whioh are reyorted to he producing
hydrigine hydrate bg these proseanss, A duplicate of the lapgest
of these plents ls being erected in the Ural mountain region of the
USSR. The oxant location hos not yet been deterumined.

In sumpsriging, we oan conolude that the Soviets have at
thelr dispoual hydrazine plant capnoitg ay great or greater than
Germany's wartime capacity; and that those planta are producing
ot tlree to four times tho rate attainud by Corwany et the end
of the war. We cun apsume that, an hLos beon customayy in other
fiolds 4n which tho doviots. had much to learn in a short time,
thoy spent only limited time and monaey on procesves whioch reguired
muoh v»esenrch, Instead they counoentrated on duplicating known
produstion procesces. As & result, we find them probably as far
along in the hydranine field as any nation of the Western povera.
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Tho “anufacture of Rydrusine Fydrate in aorunng. B.1.0.8,
Pinal Report Mo, 1682, Item No, 22 (ATI No. 21810).

Fanufuoture of Hedrasine, 5,1,0.8, Pinal Report Ho. 369,
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THE DEHYDRATION OF HYDRAZINX BY AZEOTROPIC DISTILLATION
by

John W. Olegg, R. Q. Wilson, and R, P, Munpger
Battelle Memoria) Inastitute

- Preanented by
John W, Olegg

Anhydsous hydvasine Lis expensive and sowewhat 4iffliocult te
obtain by wethods currently employed, Hydresgine 1is produced
ohiofly by the Raschlg process, from vhich Lt 13 ohtained in a low-
ocongentration, aguoous solution. Convontionn]l dlatillation mathods
may be used to concentrate this solution to the hydraslne-vater
saxpobrope con a}ning approxinately 70 percent hydrazine &nd 30
poreont water(l), rurther concentvation of this wnterial 1w
Aiffioult Lrcanne of the foruutlion of this woxlmum~boiling
hydrozino-vater azeotrops, Jeveral shemical dehydrating procoases
have beon currontly used, but thesa eaither cuploy premctive aollds
or progecnd through the formation of a prescipitate whish 1is
diffioult to handle,

Expluratory work was undsrtaken, thersefore, to determine if
anhydrous hydrazlaoo sould he recovered from the hydrazine-.ater
#zeutrope by adding a third conponent and distillling. ©Of the
nwrrrous motorisls teated initially, endiline wan the rirst o show
roal promise as an affeatlive entrainer, and will be used as an
exswplo in desoribing the procedurs, .Aniline ia knovn %o form an
azaotropo vith watey vuntuining 81.8 percent water and boailling at
98,59, Thia is 21.69C lLover than the hydrazinm-vatsar azeotrope
which boils at 120.19C,

The firat lnvestigative procedurs consisted of the determina-
tinon of dlstillation curves for varinus mixturaa of interost,
Thasy gurves wets obtained from a Todd "Precise Frasntionation
Assombly, " shown in Figure 1.

The Todd fractionsting c¢olumn consisted of a
1/2 tnch glaas column packed 36 lnches high
with 1/16 inch glans helices. Ths pot had an
opening for a ustandard-tapored thermometar and
ohs for the antrence of nitrogen. All the vapors
were condensed in ths solumn head and the reflux
vay varied by adjusting a valve on the take-off
line. Rubber tubing from the receiver vent to a
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THE DENYDRATION OF HYDRAZINE BY AZEOTROPIC DISTILLATION

by

John W, Clegg, R. Q. Wilson, and H, P, Munger
©  Battalle Memorial lnstitute ..

Promented by
John W. Clegg

Anhydrous hydrazine is expensive and gomevhat difficult te
\ obtain by methods currently employed. Hydrazine is produced
: ochiefly by the Rasshig procons, from which. it is obtained in & lov~
soncontration, aguoous polution. Conventional diantillation methods
may be used to consonhtroto thiu solution to the hydrasine-vater
a3005rope oonfasnin approximately 70 peroent hydrazine and 30
parosnt water(l ' gurther gonoontration of this materlal is
difrioult becsune of tho formation of this maximum-boiling.
hydragine~vator azeotraps, Joveral chemlcal dshydrating processes
have been currontly used, but these either uvmploy renctive solids
or proceed Lhruush the formution of a precipitate vhioh 1s
diffioult to handle,

Exploratcery wvork was undertoken, therefors, to determine 1if
anhydrous hydrazine could he redovered from the hydrarine-vater
agootrope by adding a third component and distilliing. Of the
nuierous materials tented initially, eaniline wus the first to show

roal prowiso a3 an offoctive ontralner, and will be used as &n

oxaiple in deoaoribing the procedure, Aniline is known to form an

avootrops with vater containing 81.8 parcent water and boiling at
98,590, This in 21,600 lower than the hydrasine-water axeotrope
which hHoils at 120.190,

Tho firat inveatigative procedure consisted of the determina-
! tion of distillation curves for various mixtures of interest.

Theso curves wers obtained from a Todd "Precise I'rastionation
Asueribly,” shown in Figure 1. .

The Todd fractionating oolumn oconsisted of a
1/2 Inoh glass column packed 36 inches hi

{ vith 1/16 inch glass helices, The pot had an
opening for a ntandard-tczorod thermoneter and
one for the entrance of nitrogen. All the vapors
were oondensed in the oolumn head and the reflux
vas varied by adjusting a velve on the take-off
lins, Rubber tudbing from the receiver vent to a
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FIGURE 1. TODD FRACTIONATION ASSEMARLY ' .
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" bubbler provided a nitrogsen seal and assursd opers-~
tion under a slight positive pressure of nitrogen.
Vapor temporatures vere measurod by & thermometer
in the rnflux head., The colunn vas shielded with
glass and vas hoated vith resintance wires to
minimize heat loswoas, Doth the heat load to the pot
lndltEQ oolutn heaters vere controlled by variadle
rosistors,

Two hundred grams of material was used for easch run, A
reflox ratio (total vapor to distillate) of 5 to 1 was used, The
distillate was collectod in & reosiver vhioh was ohanged for esch
temperature change, and the samples vere veighed and annlysed,

A typloal distillation curve for the system hydrasine-vater-
aniline 4s showvn in Figure 2. This shows that the firot material
to distill over was tha aniline-vatsr ascotrope at 93.5°0. The
next 23 grams came over in the teuporature ronge from 116-1189C,
Analysin of this fraction shoved {nornwsing containation with
hydrazine, probably in the foru of the hydrazine-watelr aznotrope.
Tvico during the distillation it was noted tiiat the temporature
fell from 118 to 11590 for a short time in thin.region. After
this point, the distillate all came ovor at 118,0 to 118.5°C
until all or the hydrarine and vater wore distilled, All cuts
takon in this third tempernturs range oxcept one analyzed uwore
than 72 percent lhydrazine, éndrouting that & nixture of the
hydrazine-vator azootrope (69,8 woight .percent hydrarine) and
oanhydrous hydragine was coming over, i : -

A waterisl balance on this sxperiment indioated that 96
percent of the hydrasine, 101 percent of the water, and 9% peroent
of the aniline vers acoounted for.

Since anhydrous hydrasine wvas not obtained directly from disg-
tillations of the type demcribed above, it was thought advisadle
to detormine the exact moohanism of the distillation LY following
the course of the fractionations on A ternary diagras, Some
degreo of dehydration was certainly ocourring.

Figure 3 is A plob of the ternary diagram of hydrazine-vater~
aniline showing the boiling temperatures of the pure compounds
and the tvo arxeotropss formod, An inspeotion of this diagran
ougrests the presence of a high-temperature rogion connecting the
compositions of Lthe h*druzine-vntgs azgeotrope and aniline. 1In
similar syatems, Ewell and Weloh found the presence of ridges
in the vapor and liquid surfaces extending aoross the diagrams.
These ridges wore usually curved and formed a distillation barrier,
but thoy could bu orossed from the vonoave side by rectiftcation.
They could not be grossed, hovever, from the convex side. In the
region of these ridges the vapor and liquid surfaces vere rather
flat, and therefore, they oould not be represented by a sharp
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1ine. The results from several experiments like the one dolbribod

", above indioated the presonce of such a ridge in this system,

extanding from tho composition of the hydrazinesvater azeotrope
to the composition of onsline,

In Pigure 3, lines have deen dravn oonnesting the invariant .
gompositions of ﬁho areotropes togethex with the ridge area, These
divide the dlagrum into thres aress., Any ternary nmixture lying

in Arvea I, vhere hydrsaine, the hydrasine-water uteotrops, and

anilire ara in oquilisriws will, vhen fracticnated, give pure
hyurazine in the riyat overhvad vogorl. This is becauss hydracine

10 the wost volatilo onnponent in this partiocular ternary mixture,

A mixturo with a ¢omposition fulling in Area II will give the aniline-
vator ageotrope as the first fraotion, and likewise a mixture with

a conpoudtion lying in Arvoa III will give the aniline-water

.arsobvope in the {irst fraction, A mizture with a ocomposition

20lling on the ridge, vhers aniline and the hydrasine-wvater azeo-
trope pay be said Lo be in equilibrium, will yield the hydrasine-
wvator axeotrope first, wvhen fractionated, .

The aourse of the sbove-dvscribed distillation was folloved on
the dingram in FPigure 3 by caloulating and plotting the pot souposi-
tionn throughout the axperiment, Assuming that there is & ridge
in the vapor and liquid surfaces of this syutem, tho mechaniasm of
the distillation way be explainsd as follows,

The original oomposition lies in Area II, ond the first :
material to distill over should be the Jowvost boilingl that 18, the
uniline-vater agsotrops, Inapection of the distillation ocurve
shown that this vas the oase, As 1ong as the pure aniline-wvater
axnobrope vas coning over, tLe compoasltion of the pot shifted
rootilinsarly in the opposite direction. After a fov graus of
thin riaterial was digtilled over, the overhsad vapor temperatude
startod to rise rapldly, 1nd1oatina & ochange in composlition, The
oomponltion of the pot at this time is showvn dy Point 8, There
trag no hydrazine present in thia frastion., The somposition of the
pot wan caloulated by subtmacting the welght of aniline and wvater
in thig fraction from the original pot composition, and a new
oompositlon of the pot was calculated, all on a veight peroent
banls. Tho next threo fractions showed insronsing smounts of

“hydrarine by analyaiuiland ocame over in & fluctuating temperature

vango olewe to tho bolling point of the hydrasine-vater azeotrope.
The pot cowpositions at the end of these fractions were still in
Avoa (I on the diagram, as indicated by the presence of aniline in
the distillate, Whon the componition of the pot reached Point 5
it approached the ridfo area, vhere aniline and the hydﬁllino-vnﬁcr
aseotrope vere in equilivrium, 8ince the hydrasine-vater aseotrope
wvas the lower boiling of the two, it appeared in the vaporas, Thiw
is shown hy the ovorhead vapor temperature of 11690. While this

18 o

- M » At AR 7 b © 4 L P ] 245 T 7 Ly gy 7 —




A N AN e

' % POT COMPOSITIONS
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B.2 100° 04
HYDRAZINE
8.F. 120.°!
g | FIGURE 3. TERNARY EQUILIBRIUM DIAGRAM FOR SYSTEM HYDRAZINE
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‘ANILINE -
8.P.104 4°C.

___APPROXIMATE _LOCATION. -
~—"0F RIDGE BOUNDARIES
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l

HYDRAZINE
TVORALINE WATER AzEoTROFE o >S

8.P I1R0.1° C. R ,)\

EQULIBRIUM DIAGRAM FOR SYSTEM HYDRAZINE, WATER, ANILINE. BASIS: WEIGHT PER CENT
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{' matorial vas distilling, the zot ocompoaition shifted reotilinesarly
in the opposite directicn until its composition moved off the ridge H
into the aroa vhere again the snilinw-vater ageotropa vas the i
lovest boiling coupnnant,  After & small amount of the aniline- J
vator azeotrope caio ovar, the pot composition moved back upon the
ridge, and tho hydrasine-water asootrope apain appesred in the j
overhead vapors. This otepriso chirting of distillate conmpasition
oontinued until the ridzs was oroswed, The orossing evidently : |
odcurred shortly after the ond of the fifth out. The pot suisposie !
tion at thin time is plotted as Point 8, ;

!
!
4

As stoted earlier, a ridge of this type eun ho orossed only
frow the concavo side, Cnde the ridge is oromsod, it 4s impossible
to shift the ocomposition back into Aroa II. Thn pot compousitica
arrives in Aroa I, wvhore unhydrous hydrazine in the lowest hoiling
matorlel which ocan distill, The pot couposition at Point 8 1a
nearly msoross ths ridsa, EHydvrasino-wated nzeotrops diotilled watid
the pot componitiona ghifted into Ares I, au shown in Figure 3,

As soon an the pot composition arrived in Avea I, anhydrous hylva=
giny sppeaved in the distillate. This matorial ceatinued to
diatiig until the pot composition shifted bavk to the ridge, where
the hydrasine~voter azeotroz» startad coming over ugatn, “Thus,

tho toupse of the distillation from this point to the end weernd

to ooour in infinitc 'l stops oving to thia shitting of the
diutilinta compoaition, unti) all the hydrarine and water had buen .
reuoved.,

Tho temporature of the ovarhead vnforu that cansie off altoxr
the »idge vas orosaed wan in the 118,-118,.5°C runge, showing that o
soua of the hydrasvlao-wator arootrope was prescnt. The compoaited "y
digtillate containsd much more hydraxine t the azootropia
oonpouition, howover, so that the arxeotrope had heen "broken,"” ‘ !

ogation of the Nldpe

Optimun rovoverivs of high-purlty hydrarine depsnded upon the .
loantlon of the ridge and ridge houndary., To find this quantitative- ' \
ly, novoral dlatillatlon ezperimnnts vers made in the Todd column
wiﬁh vorylug smounts of hydrazine, wator, and uniline, Thense are
shown in Figure 4,

The straight line bhotvesn the cowpositions of aniline and the
hgdruzino-wator azgotyope represents all possible tornary mixtures
obtainable by adding aniline to the areotrope., This line ia
called the "anilino addition line" in Figure ¥, In this figure,
the ridge area 1s vidy at lov aniline sonocentraticns, This area
oould bs narroved by using higher reflux ratios. At any reason= '
able reflux ratlo, hovever, there would be a wide area &t low : {
) aniline oonoentraﬁionu vhich would act as an offective distilla- ' f
tion barrier,
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8.P184.4°C
/
\\\? i
ANILINE ADDITION \
LINE "\
O ORIGINAL COMPOSITION OF - \
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HYDRAZINE -
8P 120,1"
( FIGURE 4, TERNARY EQUILIBRIUM OIAGRAM FOR SYSTEM HYDRAZINE, WATER, ANILINE.
{ n
!
l; i U e et B avberr L ieSE AR §E gy

. L1 et




ANILINE
8.r1844°C

ANILINE 80DITION S C | o
LINE —~— . : -
| . . . . N/ , - ' » I
COMPOSITION OF . - ' ‘“\ o I

& RIOGE : v S
" : ‘RIDGE

S1TIONS
NDARY

Rl ' } RIDGE BOUNDARIES

W\T A HYDRAZINE
e HYDRAZINE ~WATER AZEOTROPE BRIBSC
R B.P. 120,1°C,
-WEA*

EQUILIBRIUM OIAGRAM FOR SYSTEM HYDRAZINE, WATER, ANILINE.  BASIS : WEIGHT PER CENT ;

sanTe
21 o~1700
§ ) e S T I -y -y
- R T IRl Lt gD 1t B 4 B4 ST e Py enees e p T a—_ae A
v R Sk g eps 12 s Sk "
s o — - | A RV v
Tl WA SRR E TR T T NI . PR EREC O E Y .
fand i) "

B : e S TR, Ll e emmmen




R T T T T e et e -

At lov sniline oonooutuuom‘ the "aniline addition line"

vas inside the ridge area. Under these conditions, very little
wvater could be removed before the distillate beoams con nated
with hydresine. At high aniline oconcentrwtions, however, both the
ridge and the dr boundary were soms distance from the "aniline
addition line, inoe the primary objeotive was %0 emove water,
the optimum recovery of anhydrous sine would be obtained by
dlstilling a charge farthest removed from the ridge boundary.
This would be a charge that would probably contaih mere than &6C
percent aniline.

Apparently it vas not going to be possidle in this aystem to
renove all the water defore the desired product, anhydrous hydra-
sine, bogln to appesr in the distillate, This meant that & sertain
amount of reoyoling of materials was going to be necessary. 1t
vas, therefore, Mant to find out to vhat extent the system
oouid he dehydrated before reoycling beoams nesessary. In other
wvords, hov much of the wvater can be removed from the system before
anhydrous hydrasine appears in the distillaete?

Table 1 shovs the amount o” vater removed in the first fraction
for different concentxations of aniline A maximum of about 68
puruvnt Of the vater in the hydrazine-vater aseotrope could be
removed in a column as effiocient as the Todd oolumn used, with
aniline as the entreiner. This means that, if the enrighed
hydrasine oould be separated from the entreainer and redisvilled,
approximately G8 persent of the original hydresine oould be re-
oonr;adn anhydrous material, The balance would have to be
reoyoled,

Evaluation. - f Entreiaera

In order to find & more efficient entrainer, & literature
survey vas made of 213 compounds that vere movn to form azeotropes
wvith vater, On the basis of the results of work vith anilino,
bensens, ethylensdiamine, chlorodensens, ind tolusns, it vas
possible O &scept or reject materials acoord to their boiling
points and the aseotropes they formed, Figure D shows aome of the
systems studied oxnrmntnlp Systems vhich form saddle-puint
azeotropes vith compositions falling near the entrainer addition
line vould not make good entrainers. Rere the aqueous distillate
vould have & considerable amount of hydresins in it «= usually
near 70 psrvent, Ethylensdiamine would not be useful, The prodlem
of removing water from the ethylensdismine-vater aseotrope, to
permit reuse of the ethylenediamine, would be an diffiocult as
removing the vater from the hydrasine-vater aseoctrope in the first
place, A number of petroleum-distillate fraotions vere aleo
studied, In general, they glvo foor effisiency Yecsuse of the
lecation of the vernary saddlepoint aseotrope vhich alvays formed,

22




TARLE

1

QUANTITY OF WATRR REMOVED FROM NYDRAZINE-WATER
AZBOTROPE BY AZBOTROPIQ DISTILLATION WITH

INDICATED ANILINE CONCENTRATIONS

‘l_
Water Removal as the

Amount of Aniline N
Used an on Entrainer, Anlline-Water Ageotrope,
Poromnt Percent
90 0-12
8o 1861
70 - 60+68
60 57-61
i
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BENZEN ENTRAINER LOWER , NTRAINER HIGHER _
, B.PE0.2°C  BOILING: FORMS A MINIMUM ANILIKE iaaa’c Emeoa FORMS A MINIMUM
MENZENE, - AZEQOTROPE WITH WATER = A2EOTROPE WITH WATER -
TER AZLQTROPE S @ EXAMPLE: BENZENE \ . EXAMPLE ! ANILINE
8.1 $0.33 °C. :
_ ~
A ROP ETHYLE!
SADDLEPOINT AZEOTROPE A=
: | 8.p 8.9
ANILINE ~
WATE ? A2EGTROPE
/ 8.8 288 ‘C.

- .V ST ) Wit AV A Z
WAYE NHYLRAZINE: WY igz £ WATER HYBRAZINE- HYDRAZINE WATER
#0100 . WATER AZEOTROPE BB IBA*C 8.7 00% WATFR AZEOTROFE 8.A 113.5°C. 8.R 100

B.B 120.1°C, 2120.1°C.
urn:‘wn SLIGMTLY #OHER
BOW.ING: FORMS A MIN/Velt
CHLOROBENZENE B PI3R.1 AIEOTAOPE WITH WATER = Pl
: EXAMPLEC CHLOROBENZENE
)
e OROBENZENE ~
.JRIC.QQ :zggman - ~ - SADOLEPQINT
] AZEOTROPE pmICH NE =
WATER AZEOTROPE -»
sP 926°C

ENTRAINER INTERMEDIATE
BOILING: FORMS A MINIMUM

4 AZEOTROPE WITH WATER =
\ EXAMPLE: PYRIDI NE
WATER HYDRAZINE: WY WATER
8.R100°C. WATER AZEQTROBE 8 7 W13 5. 8.P 100°C.
6.R120.1 °¢.
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ETHYLENEDIAMINE

B.P 116.5°C. ENTRAINER INTERMEIATE

BOILING: FORMS A MAXIMUM
AZEOTROPE WITH WATER~
EXAMPLE: ETHYLENEDIAMINE

' AINER HIGHER
ANILINE 144c, ENTRIETEORMS A MINIMUM

AZEOTROPE WITH WATER -
EXAMPLE t ANILINE

ETHYLENEDIAMINE-
WATER AZEOTROPE
8.P 118.8 *C.

.
HYDHAZINE® HYDRAZINE WATER HYDRAZINE~ HYDRAZINE

WATER AZEOTROPE 8.R113.5°C.  B.R 100 . WATER AZEOTROPE  B.R 113.8°C,
B.RI20.1C, - 8RI20.1%.
ggﬂ:AolNER SLIGHTLY HIGHER
ILING: FORMS A MINIMUM
AZEQOTROPE WITH WATER = PYRIDINE B P.1I83°.
EXAMPLEs CHLOROBENZENE : ,
-
. SADDLEPOINT
/{aouepomr : : AZEOTROPE
ZEOTROPE \
PYRID} NE =
WATER AZEOTROPE -~
_*’ 8P 92.6 °C.
ENTRAINER INTERMEDIATE /\
3 BOILING: FORMS A MINIMUM "‘{G} -
AZEOTROPE WITH WATER -
EXAMPLE: PYRID| NE .
l—-ﬁ- \
~{NE= HYORAZ| WATER - NYORAZING- AYORAZINE
IOPE B.P. us.sN . o 8.P 100°C. WATER AZEQOTROPE B.P 113.8 *C.
‘c. 8.R i120.1°C.

- §5 OF TERNARY EQUILIBRIUM DIAGRAMS FOR INDICATED SYSTEMS. - -
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On the basis of this survey, it wvas concluued that compounds
with physieal properties similar to aniline vere the only suitable
paterials for entrainers. If the ridge in the vapor and liquid
surfacen is far removed from the entrainer addition line, the
formation of a esasddlepoint aseotrope vould not be objootloubu.
No substances of this sort vere found in the search,

] : [}

To obtain more preciss and larger-scAle results than vas
oasible in the Todd ¢olumn, & tvo~inch column. was built to study

e entlire process., FPigure 6 13 an illustration of the two~inoch col-

unn,

This oolumn vas packed 37 inches with l1/4-inoch
glass Ranchig rings. There were thermudouple wells
equully spaced in the pasked mssotion. Opposite
eash thermocouple well was an opening which ecould
be used either for the entrance of fesd or as a
sanpling port, The roflux head vas designed %o
split the ovarhead vapors into reflux and produst
in tho vapor phuase, orifice in the product
line meintainad & 9 to L Meflux ratio (totel vapor

~ to distillate) whioh vam very nearly indspendent of
the boil-up rate. The insulation on the ocolumn vas
heatod vith reasintance windings to reduce the heat
losces, ‘The still pot-was & S5-liter, 3-neaked flask
fitted vwith a thornoosuple wall and & nitrogen inlet,
For continuous operations, san opening in the side
of the rlask provided foxr gravity flow out of the
got. The feed flowed to the column from & storage
ank through & rotametyr and a heater vhich vas
mede of atainless steel tubing vrapped with re=~
sistance vire, A 10-point Mioromax (Leeds and
Northrup) recorder measured and reécorded tempera-
tures throughout the aystem, :

lome of the earlior results vers checked with greater pre-
olsion in this oolumn. In a continuous operation, three eolumns
would be required for the following ateps:

1. Removal of 60 to 70 peraent of the vater as the
aniline-vater wseotrope,

2. Separation of the resulting enriched hydraszine
solution f'rom the entreiner.

J. The distillation of anhydrous hydrasine from
the enriohed hydrazine solution,
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Each step in this process was porformed doth batchwise and con-
tinuously in the 2-inch column, In batchwise exporiments, 3tep 2
vas actually a enontinuation of Step 1 but, in eontinuous o?oration,
1t hod to be earriod out separately, Three oontinuous distilla-
tions wers made on the first, or vater-removal ntep. The fraction
of the total water removed in these experiments was 65, 74, and

67 percent. The Th foroone rlguro may be asomevhat high because of -
diffioulty in adjusting thoe rats of foed at the bofinni -of one
oxperiment, The bottous from 3tep 1 vers fed continuouely to

" 8tep 2, vhers the overhoad analyszed 87.3 percent hydrasine. This

overhead wvas fed ocutinuously to Step 3, vhero it was dintilled to
remove anhydrous hydrorine overhoad. Over 500 grama of material
analyzing 9.9 porcent hydrazine vas produced in this series of
exporimeints, The sawme column, incidentally, was unod in all three
stéps, “The intermediate products vere stored and usod as feed for
the suboequant stepu, All hydrasine snalyses were made LYy t.h15
method of lodats titration desorihed by Penneman and Audrieth ).

Proposed Rracesy

Figure 7 s a lino draving of a pilot plent distillation for
sarryang out this distillation pivcess, :Tho feed to Column 1
containnm 20 paragnt of the hydragzine-vateyr cacabrog: and 80 porno?t
auilino, (Possibly TO paroent Aniline would give better results.
All the aniline charged ia recyscled, exoept a small guantity lost
because of its solubility in vater, The firast column removed
about 60 peroent of the water charg~d to the cslumn, as overhead
in the form of the &tniline=-wator a~,otrope. This ir a conservative
estimate, since a larger fraction of water has been removed
experinontally, The water 1s separated from the aailine in o

hage nsaparator and disoarded, The sniline is roo{clqd. The
alance of the hydrarine, vater, and aniline 1s taken off as bottoms
and churged to Column 2, This column separates the ontrainer
(antline] from tho 834 Earoent aqueous hydrarine solution, The
hydragine svlution is taken overhead, and the aniline bottous are
reoyclod to make up part of the feed to the first ocoluun. The
enrlched hydrarino solution fuom tho second column is fod to
Oolumn 3, vhere it las suparated inte anhydrous hydrazine as over-
hoad and the hydrazine-vater aseotrope as bottoms, The bottous,
vhich contain about "0 porcent of the hydrazine feed to the first
ocoluun, are recycled,

Estinated steam costs for these thres distillations vere cal-
ouiated to bo less than one cent per pound of anhydrous hydrasine
produced, Thoso caloulations wvere based on a steam cost of 60
cents per 1000 pounds of asteam, & reflux ratio of 5 to 1 in all
colwmns, and 60 percent vater removal in the first colwm, Sising
the columns and determination of the optimum reflux ratios and
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nurber of plates for a commercial installation is beyond the aooro
of this paper. It requires datailed knovledge of the vapor-liquid
equilibria in the ternary system hydreazine-water-aniline, for one
thing. This we have deteraminesd, and it is the subject of auother
paper nov in preparation, . . '

A patent has been applied for on this zethod of deaydrating
hydrazine ‘solutions to produce snhydrous hydrasine,

Thia research was sponsored bi the Mathieson Ohemioal Corpora-
tion at Battelle Memorial Institute, The authors wish to thank
then for their permission to present the results at this meeting,
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required to produce semioarbazide,

HYDRAXINS FROM THE SOLVOLYSIS OF SEMICARBAZIDE
[.b, . !

' George W. Watt and Joeeph D, Chrisp S
Repartment of Chemistry, The University of Texas
Presented by Mpr. Josepl D, Ohrisp

The formation of h{draazne in substantially gquantitative

giold vy t?, a0id hydrolysis of semicarbazide has baen reported

Y Harlay and the hydrolysis in basio media has been suggested
a8 & postibie basin for the dov?b?pmone of a practiocal provess
for the production of hydrazinei®/, The formation of hydrasine
.ulft§’ y the hydrolysis of semicarduside with dilute sulfuria
acid xgltovad by amsonolynsis of the resultant salt with liquid
annon sal ap:oarl to ﬁrovz o & routs $£0 oubastantially anhydrous
hydzasine that is worthy of further study.

Tha preductiion of hydrasine b{ a closed oyule groocnu ‘based
upoen the Ammonol:aiz 3: senicarbazide %y means of liquid amuonie
has been sonusidered(5) as a poasibly praoctisel method but there
13 1o evidence that the reactions in question have baen studied
at all thoroughlz. In this case, the uogtrntion ¢f the hydrasine
vould be folloved by recyoling the urea to the vell known steps

The kinetios of the reacticns involved. in both the rolz-
a4s and amronolysis of somicarbatzide are ourrvntly under investi-
gation in our laboratories. ' The present puper inoludes only an .
aocount of preliminary etudlen; vork on the problem as a vhole

i far from complete.

EXPERIMENTAL "

¥xroi§|1c of Semicarbagide. B3ince somo 6f the temperatures
~antlolipa oF use In the stuly of the solvolysis of semioar-

bazide (m,p., 96°) vore oonsidsrably above the melting point of
this starting aterial, it seemed worthwhile at the cutset to
determine vhether rasine raesults from the pyrolysis of semi-
oarbaside or its hydroohloride under anhydrous conditiuns,
Aocordingly, drf lgmiocrbnxidu hydroobloride vas heated 1o a
sealed tube at 10%“ for 13 hrs.; hydrazine vas not produced,
The suze resultas vere obtained vhen mixtures conmprising one -
wale of aenicarbaside and tve moles of ammonium ohl % o Vere
treated ginilarly, (It has Deen observed elsevhure that

n
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hydraczine does not result from the thermal decomposition of .
semicarbazido h{drochlorido 8% auo°.g When dry semlcarbuside

vas hoated for 13 hrs, st 1059, ¢ 3-8 percent yileld of hydrasine
reaulted,

Hydrolyaiw of Somicnr%agédo. Onleys otharvise indicated,
.thooo’roadf%BHi‘?ﬁF?'iErr Ut by refluxing 3.0 g, of semd-.
cartazide hydvechloride in & known volume of oither 3 or 64
sulfuprle acid for the reflux timey shown in Table 1, Thore-
AfLor, the reaction mixtures varo cocled, hydrasine vas separated
by oryatallization as_the sulfatc, and this vas vasghed wit
ettanol, driod at 1409, &nd woighod 6 Yields veroe determined
both by a apectrophetometric mnthodl ) for total hydrazine formed
and in terms of the woight of hydragine sulfate iLsolotod; the
_two metheds gave rosults that vere in good agresment, _

Table 1

Effooct of Time and Aold Qonventrati
upon_the Hrdrolyals og:gnnﬂdﬂ%ﬁﬁigée

Hydrazine Yiold (percont) B8 & rundtien of

Voluwe and Molarity of Sulfuric Acid Used
Reflux 21

Aoee). mm, 30m, B, o,
0.25% o %9
5 s 30 B !
o758 : ' ‘ : .‘ S 98

1.0 49 54 . 9
%0 S T 99

L g;autiou vosael vas oooled in ioe vater at end of reflux
me.

Amnionolysis of Semicarbazide, The esxperimental methods
smployed 10 g # 0Agd Woere esdontielly the nume as those that
have beon described in aon?aseion with the atudy of the inter-
aotion of uroa and ammonia'?/, All ammonolyais reactions wexre
narried out under strictly anhyirous conditions. In a typiomal
case, l.4 g. of semioarbazide hydroohleride and suffician

liquid ammonis (ca. 1 mole) to give & total solution volume of
2% ml, at -70° vere placed in a glass tube vhich vas subaequently
sealed and heated in an autoclave at a knovh temperature for a
preietermined period of time. At the end of the run, the ammonis
vas evaporated, the rewidual products vere dissolved in water,
and hydrasgine vas deteramined spectrophotometriocally,
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Exploratory oxperimunts on the effect of time and tempera-
ture upnn tha yield of hydraulne shoved that hydwrazine is pot
formed after 30 hra, At 20-30°, & 15 parcent gield resulta after
13 hrs, at 75%, 34 poercent arfser 12 hrs, at 532, 43 percent after
13 bre, at 1056, and 4% porcent after 24 hrs, at the saxy Lempera-
ture, Uning the froe base rather than the hydrschloric e as.the
stapting material, heating for 13 hrs, at 105° gave & 37 peroens
yiold of hydrarine, Data relating to hydraczine yield as a
furotion of time, towperature, and ammonium ohloride concentra-
tion are given in Table 2, :

The effect of added salts other than amwoplum chioride vas
studied bBriefly; the resulting data are given in Table 3.
Attention is called to the faot thsat in these runs, NHCl was
alao preseny to tha extent of 1L male per mole of asexrisarbazide,

DISIUSSION

The preliminary oexporiments on the thermal! decomposition
of semicarbamide hydvoochleride at 105° shov thut hydrazine is
not forwed undopr theso oconditions, Henoe, hydrazine producyd
in tno subsequent oxperiments must bo attributadble to solvolysis
rather than simple thermal decomposition,

Optimum conditions for the quantitative hydrolysis of
semicarbazide to hydrazine, ammonia and carbon dioxide &ppear
to involvo refluxing for one heup with 6M sulfurio acid (10 )
ml./g. of CH50N301). This reaction yislds pure hydrazine sulfate,
Although data on tho ammonolysis of this produot to yield .
hydrazine and aummoniup sulfate ars not sufficiently extenaive for
inolusion hers, the work that has been dono thus far Andicates
that this reastion will probably provide & nearly quantitative
yield of out.tantlally anhydrous hydragine,

The work on the amuonolyais of memlcarbasride lydrochloride’

18 obviously incouwplete; further exporiments nre in prograss,

It appoenrs, hovuvor, that at 105° theve results sither en oquili-
brium the products of which are hydragine, urea, and unchanged
renloarbazide, or tho forustion of hydrazine together with another
product that is not subuoquently convertible to hydrazina, eithex
in the prosence or absence of smmonium salts, The data of Tables
2 and 3 shovw that the reaction 1s influenced little, if indesd

at all, by the prewence of appreciatle conoentratlions of ammonium
salts or sodium ohloride.
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_ TARE 2
Effect of Time, Toaperature, and Amuonium Chloride .

Concentration upon the Yield of Hydrazine from the
Ammonolysis of Semjcarbaside with Liquid Ammonia at 105 C.

Txe BTStal tolea RHLCL/ Wahy Ti¢1d
(hrs.) mole CHsOMaCL (parcent )
1 Lo .. o
g 1 X
3 B
8.5 1 ko
3 40
13 1 4
a 4
ek % b
3 51

& 1holudes 1 mole of NE,CLl arising from use of }amioarbaz;da uy
the hydrochloride, . '

Effect of Added Halts upun the Yleld off -

Hydrasine from the Ammonolysls of Sadicargaziﬂn
with Liquid Amaonin for 13 hrs. uy 108°C,

Added Salt — S

foTéu/Ente NoMy Yiela

Formula Oll50N3NY (veroent )
NHy01 3 _ 48
Ny Be 4 53
NaOl 5 _ 46
NHy,NO3 2 ' k3
5 ' 52

(WHy )50y
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THE PHOTOLYSIS OF AMMONIA AT 1849 AINa FLOW USYSTEM®
: _ by

. €. McDonald, A, Kahn and H, B, Qunning
. ncparémane of Chemistry -
Iilinois Inatitute of Teochnology.
Pregentsd by H. B, GQunning

. . ABSTRACT

An knvenbigntion has been made of the photolysis of ammonia
at 1849 & in a flov aystem at room temperature, Tho products
of the reaction wers found to be hydrazine, hydrogen and nitrogen,
Tho rate of dscomposition of ammonia was independent of the
linear flow rate, but depended upon tio amvonia peessure in the
reaotlon zove, The fraction of ammonia deocomposed which was
vevovered as hydrasine, while independent of ammonim pressure,
inureased maritedly with inoreasing linear flow rate from rero
in the statio system to 0.84 at a Linear flow pate of 1750 om/meo.

It vas found - that the quantum ziald of sumouia oonsumption
under flow uonditions was oocusistently higher by a fauctor of
approximately two than for tha atatio conditiona at the same
preasures,

. A soparato system was umed_to determine the extinotion

{ oveffidient of amnonia at 1849 } over the prolnugu range of
the expapiments, Tho value obtained vas 1,21x103 liters-mele~!
on=%, ) :

A mechanism has teen proposed vhich 1w in qualitative agree-
munt with the observed fuote. : '

" INTRQDPUDTION o
The photolysis of ammnnia has Doon extensively inveatigated
in stetlo systoms, under Yhiah conditions the fina oducts
are nitrogoy and hydrogen*. It is generslly agreed that the
primary procass involves the formation of an aminn radical anmd

& hydrogen auon. The subseguent elementsry reactions leading to
the formation of stable pruducts are apparently partially

¥ UETA Vork vas augpdrted Qontraots N7-orr-32008, N7-onr-329 -
: Task Order 3, and N7-onr-329.i2, with the 0ffice of Maval Research,
. ‘,.-" T B ‘V,o .
i . s
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_ooeffiolent of ammonia at 1349

hotorogenevw:« i 1 1at, deapite many excellent studies made on
the statie 3. - riis, & definitive reaction mechanism han not

been eatabl” . ..

Differences in the final Broducty under flov conditions
vers found by Gedye and Rideal®, They obtained identifiadble
quantities of hgdrc:ino An.a third product in the flovw system,
Other investigntors have slso reported small or trace quantities
of a roduoén‘ substanoo, presumable hydrasine, for the flow
photolysins i, . ;

The presant investigatiop vas undertaken in the hope that
some additional insight could be odbtained into the meshanism
of the reaction by » aystematio study under flov conditiong.
The uliorter wavelongth resvnance line of morour!, at 1849 K,
was choosen for the photolywsis aingo it falla wvithin the regiot
of maximum absorption for amuonia‘. In view of tl.e fact that
no previous photoohemiocal studies have bHoen made on anmonia at
this vavelength, it vasa nooon:nxy to meusure the extinetion

« In addition, data on the
static reaction, for comparison purpoaes, have beon ohtained,
The details of ého inventigation follow,

EXPERZMENTAL

Apparatug for Mesasuring the Extinction Coefficlent of Ammonia
BE Eggt**-“————-‘-——-—-—-‘-—-—-—-—g—-—f-h—-——-——. - ;

For thess weasuveuents an independent mercury-free high-
vaouum system vas umsd, The 1ight source vas & Hanovia "Bioster-
1trop“ meroudy=in~quarts rescnance dischurge, operated by a
Sola nsou aign tranaformer with & 3000 vold, 30 Me sescondary,

y ocoupled with a Sola oonstant voltage transformer. fTwo abaorggion

oelles vers used, a Fanovia Blosteritron cell, vith path len
of 0.02 ¢ 0,003 om,, &nd an Aminoc¢ precision quarts absorption
oell, atyle K, class 3, with a path length of 1.0002 4 0,0005 um,
A Westinghouse WLT89 p{ tioum cathode phototube, whioh shows
no roxponno above 2100 A, was used to memsure the intensity at
1849 A, The minute ocurrents from the phototube vere oonveniently
mespured with a Beokwan Ultrohmeter, BSatisfactory oollimation
was obtained by interposing sets of apertures between the lamp
and oell, and betwaen the cell and phototude, The lamp=gell=-
hototube aysembly vas rigidly mounted vithin a brass hox,
laokened on the inside with Kodavoat. During the measuromente
nitrogen yas passed through the box to oliminate absorption of
the 1849 A radistion by oxygen in the optioal path,

The absorption cell vas connected to the manifold of the
high-vacuum system, High vacus were achieved vith a thres-stage,
all-glass, oil diffusion pump, dacked by a Weloh tvo-stage

B

- . —

R - & —— S



.mechanical pump, Prensure memsuremorts were made with an Alpha-

tron radio-ionization gage for tha lov pressure region, and &
mercury manometer, vith the mercury in each limb covered by &

- 10 em, layer ot_Octotl mapometer fluid, for the high-pressure

region,

The light Source fof the Photolyses

A mopoury-in-quarts vare gas resonance lamp vas designed
for usc as an internil aource, eliminating thereby any air path
botvean tho light source and the reaction cell, The lamp is
shown inh Plgure 1. It conaisted essentially of & U-tube fabri-
ocated of 10 mm, I,D, Hanovia, 3,R. grade optical quarts, vith
1 nm, walls., Tho electrude arms vore ving-sealed into the tubing
attached to & mule quarts 4%5/50 standard tapor foinb. One of the
eslnotrode oarms vas provided with a 5 mm., I.D. side arm for filling
tho lamp. The large male joint was fitted into & Pyrox veaction
tubo by means of & female, 45/50, Pyrox standard taper jolntb,
™o lamp, an finally used, contained a drop of meroury and & mm,

. of argon,

The dischargo vas naintained b{ a (wneral Eleotric luminous
tube transformer with & 5000 volt, 120 Ma secondary, The primary.
input to the transforimer vas atabilired b{ 1ntorgouing a dola
conntant voltage transformer between the line and the transformer
primary. The lamp intensity could be changed by varying the
primary voltage with a variaec transformer.

The lamp ia eassntially dtchroxntia, emitting thoe tvo
reuonanco lines of moroxry at 1849 A and 2537 R, Sinoe ammonia
is transparent at 2537 A, the discharge can be regarded as a
monochromatic source at 1849 R, with respect Lo ammonis. Duping
ogarution the lamp temporature did not exoeed 40°C, The dosign
of the lamp as an internal source was dictated by the fact that
1849 A radiatlon’ im strongly absorbed by oxygen and furthermore
ia olrongly abaorbed by quarts, It vas therefore necessary to
aliminate the air path, and keep the thickneas of quarts traversed
by the radiation at a minimum to obtain ghotoohomicnlly useful
intensities, Such an arrangement laocks the flexibility of the
extornal collimatod source; for example the zinc and cadmium
sgur¥ sources iy the "100-2200 A region used, among others, by
w}igmminihi. impoi‘tant series of studies on the statio phoﬁolyuil
() onia.

The smmonia used throughout the lovestigation was the
higheat surity obtainable from the Matheson Company, East Ruther=
for, N. J. It hed & minimum purity of 99.54 and gave no test for
th: p{o:nnno of trace quantities of hydraszine or other reducing
wateriale, N T .
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Flov Experimsnts at Atmoapheriu Prossure

The apparatus rog those runs was dbriefly desoribed in an
earlier commupication?. These proliminary runs vere dosigned

to ascortain whether the lamp would produce sufficient quantities
of hydragine for chemical gharscterization, and for acourate
analytical determination. 7The ammonia, at atmoapherio preasurs
and at & measured flov rate vas atlovo& to traverse the irradisted
gone of the lamp=cell assexbly, vhereupon it condenssd together
with any hydrazine formed on 4'1|r§o 6old finger containing dry
ite~-nootons slush at -78%0, 'The 1iquid swmonia-hydrasine mixture
dripped from tho cold ringnr into u removable colleator below
through a drip tube, Sufficiont liquid ammonia vas condensed .
in the ocollector before tha lamp was turned on to gover the

exit of the drip tuba, Excess ammonis gas vas vented inte a

fume hood at guch & rate that tho liquid-level in the collector
vemained conatant during an experiment. The flow rate’ of aumonia
way moasured by a capillary manometrio flow meter.

In one serlos of experiments, a tra, containisg hydraszine
of determined purity vas copneeto& to the apparatus dasorided
abovo #o that the hgdrlzino vas 1njoected into the flow strean

at a_point bofore the irradiation sone, This erug vas maintained
&t 0°C, by an fod-watsp bath, Both dmmonia and nitrogen vere

used an carrier gages to sveep the hydrasine through the nysten

80 that ita photolytic decomposition ¢ould be atudied. The amount
of hydvasine passed through the syutem was dotermined by the ohange
in the weight of the trap nontaininf hYdrazino. The amount of
hidruzinn svopt over vas auffiniontly tr%o so that the quantity

of hydresine produced by the photolysis of the ammonia earrier gas
was negligible. Whan ammonia was used as the ocurrier gos the
effluont gases pasged through 1iquid ammonia, dut vhen nitrogen

wags used as the oarrier gas the gases passed through a dilute
‘solution of hydroohloric aoid,

" fThe hydrazine in the collector fiask vas analysed dy titra-
tion as desoribed in the following seoction.

Plov Bxperiments in the Glosed Bysten

This part of the investigation was designec to study varia-
tione in the rates of formation of hyirasine, hydrogen and
nitrogen as a funotion of veaution pressure and lineay flow rate
in the photolysis of ammonia, A large number of modifiocations
of the original system were made during tho oourse of the investi«
gation to improve the precision of the analysos of the producte
apd to obtain hetter econtrol of tho flov variables. The final
modifioation of the ngpnratuu, and that vhioch vas used for the
mein body of results to be reported here, is shown in Figure 2,

80
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(' The systvm vas evacusted Dy a tvo-stage mercury diffusion
pump, backed by a Weloh Duoseal mechanical pump. Traps TL and T2
vere kept immersed in liquid nitrogen vhenever stopoock A, leading
to the ghotolyain syatom, was opened, PFPrevious vork had shown
- that under thesv conditiona no mercury photosensitizasion ocours
X in the reaotion aysten, - :

The lamp vas operated at a current of 90 Ma, uaing & Variao -
tranaformer to gontrol the current, The pressure moasurenents
wera made vith an Alphatron radio-ionisation gage, and an Outoile
movour{nuanomoter a9 in the abosorplion meanurements., Tha pressurs
measuring devices vere connected to the'aystem via stepaock B,

Varistions in linear flov rates vere achieved by altering
;?0 dimmetor of the orifice immodiately below the lamp-cell asson-
T '

o "tho maws flov of ammonis through the system vas yead from &

tal IR}

i ~ oalibrated Hoke flov moter covering the range from 5 to 35 ou.ft./

hr. for ammonia, The inlst huedle valve was used to vary the masa
flov rate. . ' )

. Before making an oxperiment the systen “as eviaousted and the

' oondanser flask wan wurcounded with liquid ritrogen, The syatem
wen flushed out with ammonia to saturate the walls and was evac~
uated again. 'The lanp was then turned on ond varmed up to oonw-
atant intonsity. Inolation of the photolysls systom was aohieved
b! oloaing stopoook A, Ap eleotrio timer wan stented simultaneously
wvith the flow of amtonia through the reactor via the flov mober,
Tho liquid nitrogen was uwaintained at a fixod level about the
oondenser fimsk in vhich tho ammonia was condensed. AS the end
of the run tho timer and lamp vere shut off, Ammonis was alloved
to flow for soveral moro minutes vhile the wvalla of the raaction
system vore gently heated to drive off adsorbed hydrasioe.

Aftey the amuonia flov had bdaen stoppud, the condensadlen
vore fromen down for an additional hour. The non-condensables
wore transferred to o oslibrated volume by the Tospler pump and
thelyr pressure in this calidbrated volume wus measurod, n:grognn
wuas removed by combustion over cuprio oxide, deposited on glama
wool, The resuiting water vapor vas frosen out in & trap surround-
- . od by liquid nitrogen, The pressure of the residual gos vas
b measured in the oalibrated volume and vas assumed to be nltrogen.

, Repeated blank rune ehoved that no detectable quantities of non
L oondensables wers present in the original ammonia. :

e — i et

4

For the hydrasine analysis, the condenser was removed and -
the ammonia alloved to ovaporate until only s fev nl, ressined,
It vas found that up to 108 of the hydrasine could be carried off
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vith tﬁo volatilising amaonia. Tests showed that the loss of ?)

hydragine gould be proventod simply ty alloving the effluent

vApor to buunle turougn & trap oontaining distilled vater, The
reaidus in the conimnser and the contonts of the vater trap vere
combined, dtluted with vatar And asidified with congentrated
hydroshloria aoid, This solution vas made uf to a known volume
and aliquots were titrated with 0.16n potassium iodate folloving
the method bf Penneman and Audrieth®, Analinon uade with nyn=
thetie anlutirnas of hydrasine at concentrations similar to thome
obtained in the photolyaes showed that the error in she titrations

did not exoee1 ¥¥,
tatd 0 on

To compars relative quantum yields under stabio unh dynamio
oonditicos, n serion of runs vas done in the above apparatus undor
statie con&ibionl.

A sample of amwonia waws subjented to fiwo trap-to-trap dim-
tillations, a middle fracetinn being saved in emch case. The
desired pressure of ammonia vay admitted 0 the aystenm froa a
atoruge reservolr und the photolysis vas oarrisd out on the statie
sanple vith the condonser At poom temperature, At the end of a
rn the non-condonandle and condsnnable products were hnalysel
in the same wanpor as in the Plovw runs., It should be noted that
the results obtained with the ammonia, vhish had bonmn subjected
to two trap-to-trap distillations, were identical, within
experinentnl orrop, to those found for the ammonia taken direstly

from tke tank.

A wtutio photolyais vas also iono on hydrasine to deternine
wvhether 1t wos dosompoaed b{ 2937 A radlation., A sample of
Mathoscr's anhydrous hydrasine vas thoroughly degasaod and the
hydrazito vapor, at 14 mm, pressure, vas admitted to an svmouated

" quarts tube attachiod to & mercury-free vasuum system. The tube

was cloged off from the liquld hydrasine and vas expused to the
padiaticn from m meroury resopance lamp fashloned of Vyoor 7910,
The vzocr glase removea LBAG A radiation dut transmits 2537
radiaticn, At the end of the oxporiment, a eside arm from the

tube vas lmmersed in 4dry oo and acotons for 30 minutes. The non-
vondevsadle producta wore Lranaferrod by Tonpler pump to & ocali~
brated ~olume and measursd, ‘Thess guses vero then paseed through
a trap at liquid nitro¥on tomperature to romove smmonia and the
residual nor-ocondensablo gas waw analyzed for nitrogon apnd hydro-
gen & in the smmonia photolyais experiments,
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RESULTS

fhe Extinotion Coeffivient of Amwonia at 1849 & .

The extinotion ooorriotone} £, i{s defined by thn'roinuion :

. 1, & 1, 107 6°4.

vhere I, and I, are tho intensitios of the 1349 £ radiation
1no1dong on and transmitted through the quarts abasorption oell
containing aamonia, 7The optical path length through the ammonie
at a conventration of o molea/liter le & om,

In Figuve 3, the results of abmorption messurements using
tho Aminoo cell with d * 1,0002 em. are shown as & plot of

bop Io/It ve. oo The left hand ordinate figures and the lower

abocissa figures represont the vowu'ls for the 1,000 am, oel),
The eoncentration rabge corrasponds to ammonis pressurcs from

1 to 40 mm, Within experimental error the Yoln s fall on a
atraight lins the ilopo of vhich gives A value of € of 1,21x1.03
1iters-moles™! on-t,

The abmorption of wrmonia in the range from 40 to 200 mm,
vas measured with the Hanovia quartg owll whioh had a 4 value
of 0,02 4+ 0,003 om. The values of valoulated thersfron agree
within experimental error with the valus reported for the 1,000
om, oell, Beer's Lav is therefore obeyed at least over tlw range
- from 1 to 200 mm, pressure of ammenia,

From the value, 1.21x10° liters-molnu~! om™! for the
oxtinotion coeffioient, and the geomotry of the rgnotor, iv .
vas ostimated that & minimum’ ammoniam prespuro,of B-10 mm. ves
roquired for oomplete mbsorption of the 1849 X radiation.

Preliminary sxporiments on the absorption of 1849 }{
radiation by h{xrnl ne indicate that the extinotion Jocaffioient
18 about #ix times os large xe the corpespanding ammonia value,

Flow Bxperiments lﬁ Atmospheris Pressure

The results obtained in those experimenis are sumnarised
in Teble 1,

The hydrasine formed in the reaction sas nhapacterined by
preparing the derivative wieh-bonaaldshydo. The benzalasine
obtained had & melting polnt of 91-902°0. in ag.eeuent with ree-
ported values for the melting point of this ocompound, Murthermore,

') L1
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mixed molting point determinations, uudi by admixing a pure sample
of benralasine, shoved no depression of the molting point.

Thess experimanta showed that thy system was capable of
-groduo!ng hydrnsine in aufficlent quantities for accurate analysis,
he rates of hydrasine formation are in agreement wvith thosme in
the ¢losed aystoms If the pressure and linear flov rates used are
;onl dered, The linear flow prate 1o thewss experiments vas about
on/uen, :

Table ) . L
Produoxion of Hydrazine 4n the Photolysls of Ammonts at
1849 A in an Open Flow System at Atmospheric Pressure.
Masa Flov Rate lamp Current Rate of liydrazine Eormnt:on
molea/hr, Ma moles/hy,x10
O B
13.4 _ s - o

Flov photolynis of Hydrasine

Tho resulty of the expsriments in which hydraxine was avept
through the iyradiated rone by A carriep gas are recorded iu Tuble 2.

The amount of h;drnaino passing the lamp gor unit time was
about 100 timos greaver in theme oxporiments than the amount pro-
duced in unit time in the ammonia ghotolylil. It should be
emphasized that the hydraxine ma{

from the lamp &u well as by the 184 radiation. When the »ans
vere ropeated with the lamp off, no hydrezine was decomposed.
Tho acouracy of the measursment of the hydragine decomposed is
astizated to bo 4 54, '

These runes, while of a gqualitative nature, shov that Th=

2ine 1s extensively deoumpoasd on flowing through the irradiated
sone.
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The Fhotolysis of Bsdraifnu in the Prosence of & Carrier
: _ Gas at Atmospherie Pressure

Mass ¥low Rate ragine
of Carrier Cas careior Flev Rate ) DOOD;?OI.G
molea/he, Qao pylea/hr.x10
13.4 Ny T : 2k
13,4 Nity - 3@ . . 20

The Flow Prhotolysls of ammonie in the (Glowed Syshem

The meus f£low rate of ammonia wvas sonverted to volume flow at
the tempsrature and pressure of the recction sonoe., This quantity
divided by the oross-teciional area of the jsrradiated zone gave
the linear flov rate of the ummonla,

Tn the ravga of wass flow rates and ammonia pressures uved
the lineay flow rate depends essentially on he resistance to flow
of the tublng between the lamp and the ammonia condenser. Thus,
the lineaz flow rate could by varlied by changing the diameter of an
orifice in this tubing., With a given “pifune tise, the preasure
rise in ths reaction zone on incroeasing zhe mass flovw rate was just
that recuired for the linear lovw rate to remain oonstant. Flus-
tuation nf the ocaloul-ced linear flow rate for one orifice size
at vavioun wass flow rates iv the resulis may therefore be
attrlbutexl to error in the readings of ‘ho mass flov rates and
reaction pressures.

The linear flow rotes wers varisd from T7.05 to 11,150 am/sec.
The contact time for the gas ip the irradiated zons obtained
by dividiug the length of the irradiated gone, (26 om.) by the
linear flow rate varied from 3.69 to 2.33x1073 seo.

In the abalysia of the “poducts, the amounty of the total
nop~ocnudengsable gas, the nit cogen and tho hydragine produced
per unit time were measured., Two guantities of interest can de
caloulated from these data using the stoichiometrio equations

2NHy -~ Np + 3 Hp o

P My E + B

“7 , A .o
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1, 8 apparent amount of amwnopia decomposed ia . .
§§vunpgy tvice the =um of the hydrasine and

nitrogen prodused,

2. The fraction of the amnonia desomposed whioh
' is recovered as hydragine s givon by the ratio
of the hydragine to the sum of tho hydragine
and aitrogen, . -

Since the total nen-ncontansadle gas minus the nitrogen gives
the quantity of hydrngen produced, the amcunt of hydrazinae pro-
duao& can ba caloulated from the pas-analyals only since f{rom
the stoichiometry )

(MaHy) = (Ny+ By) =~ &(Np)

I% wes found that more accurats values for the emnunt of hydrae
ripe vroduced were obtaiped by calenlation from tho gas analysis
in the above santer thap by voaovepy and titration of the hydrae
sine, . Roth prooedurss wers folloved in eash run, but the value
for the hydrazine used in caloulating tho ammunia decomposed
and the percentage of the decomposed ammonia recovered as hydra-
gine way tho vaive caloiuluted from the gan analysis, The errop .
in the resover¥.dnd titration of the hydrazine was shovn to
arise largoly {rom loss of hydrazine 4in the evaporation of the
liquid ammonia. Whan the ammonis was bubbled through vater

in the Jator runs, and this vats» was added to the revidusl
hydrazine, the wearured and caloulated amounts of hydrazine
agreed vithin anout 58, o

A summary of the reasults of the flovw photolyais of ammonia
in the olosed aystem im given in Teble 3, The runs are grouped
acoording to the orifice size (1.,e,, with the same Linear flow
rabog. Within the groups, the mass flov rate and hence the
renc ign pressure vas varied over the range permitted by the
apparatus, '

1t 1s evident tha% the peroontnfo of the Cegomposed
ammonim which ia rocoversd as hydrasine (% hydraninaz is unsen~ .
tially {ndcpendent of the reaction pressure at ang given
linear flow rate but inoreases with the lineap flow rate. The
percentage conversion to hydrazine and linear flov rate values
Vors averaged in each group. ¥igure 4 is & plot of percentage -
gonversion t5 hydrazine va, log (linear flow rate) based on
those averaged results, A relationship, vhich 1s approximately
linear, 1s obeyed up to & linear flow rata of about 1750 om/sev.,
at vhich value the conversion is about 34%. Runs 31 and 32
vere oarried out at oonslderably higher lluear flovw rates but’
the conversivn Aid not iucreams. To achiaove thess high linear

48
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PO flov rates, these runs had to be carried out at sudh lov rfxutton e
1 pressures that there vas incomplets absorption of the 1849 & oL
- radiation, Small amounts of non-condensable gas vers therefore
obtained and the errvor in aralysis vas larger than in the other - ..
3 - puns, Thus it 4w not olear vhether the ¥ hydrasine vould inorsase
\ to 100%€ vith high linear fiow rates or vhether it does in fact -

b ~ level off at sbout 4%, .

: The amount of ammonia decomponsd in each un vas plotted ]
{ ageinst reactien pressure in Figure 5,  The polnts fall on a” -
\ _amooth curve, indepondont of the linocar flow rate of the run, '

Thits “he relative quantum yield for ammonis dooom?oaition is ) .

indepondont Rt linsar fiow rate and has a constant valus of : |
about 10x10*% moles/hr, from 100 ma, to 560 mm. pressure of : -
ammoni& iu the reaction zone (Run 30 at 550 um, pressuce is not . b
shown 4n Fig. 2 « At lovet pressures, the relative quantum yiold o f :
visns rapidly to & value alwost tvice that at 100 mm, Bolow o !
about,10 min, pressure thers iz incomplete absorption of the - i
1849 R radiation and thersfors the ratio falls off..

¢ \ For tho runm reportad in Table 3, the surface~to-volume 1 B A

; ratio in the zone between the lamp and ths orifice was 0,95 om™", I
Tvo expurimonty were mado with this zone packed with Pyrax, rods, ’ [.
theareby ineronsing the surface-to-volume ratio to B,65 om~%, The o B

; vesults for theso runs are given in Table 4 togsther with the T N

i oconmparable data for the unpucked system, ; :

While these exporiments, in which the ourttoo-to-vblumn . '  r '4

e ——————— e

_ _ ratio was ohangad, vore not extensive, the reeulta indicate R D
l I : that neither the amount of aumonis decomposed nor the pergentuge 3
' vonveraion to hydrayine was greatly affected by packing the . ) l P

volume lmmediately following the radimtion sone,

PP
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The summary of the analyses of the non-¢gondensable pruducts
of a series of atatio photolyses of ammonia in given in Teble 5.
The condensable rosiduo gave no test for hydrasine,

-'g , m .
‘ " #he Btatie Photolysis of Ammonie at 1845 A

© ;. Ammonia Total Gas - % N2 " Aumonia Decomposed

) Pressure por hr, M in {or Toy

I moies x10 total pas molea x10
! 10 16,14 25.0 . 8.0
L el . 15,18 © 25,0 -
s 18 11,41 ag.o 5.7
o 57 10,60 24.8 5,30
6 11.80 L) . ) g, 0
150 - 10,58 L 26
264 . 11,70 - 5.70

The relative quantum yield for aumonia decomposition 4is
- plotted as a furotion of piressure in rigure 5, The stme pressure
vapiation as in the flzy pvna was obaservad., AV comparsble
. pressures the velative quantum yield in the statio aystem is
abouts half the value obtained in tho flow systen.

The faot that tlie nitrogon is almost exactly 25% of the
total non-ocondensable produot indicates the absence of hydrazine
and shows that the gas analysis is roliable.

The produsts,of the wtatio photolysis of hydrasine at LN mm,
pressure by 2537 X rediation vere in exwot agreement with the
following equation,

, 2 NpHy — 2 Ny 4+ I+ Mg

n & sizilar experiment vith no radiation, no rajine vas
soomponed. e 1ight 1nton|1t{ at 2537 £ vas Bx10' ¥ etnsteins/
min, and 9x10°° moles of hydraszine vere dsoompoted per minute,

. If the zulntum yield of the hy?ru:inc decomposition vas about 2,
&s found by Wennpr and BReckman! the rate of radimtion lbnurg-
tion vas R.5x107° eineteins/min, om the cell -geometiry, the
peroentage lblorztion of tha 2537 A radiation, and the rasine
pressure the extinotion ooceffigient tt hgdrllino at 2537 A vas
ostineted to De 5 litera-mole-l om,=%,
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DISCUISION

Aoy disgusaion of the mechanism of the secondary recctiona
in the ghoeolyttn of ammonia at 1849 A aust be in consonance with
the folloving faote: co

(1) The vate of anmonia doéeupniiiion in the flov aysten
is independent of 1inear flov rate.

(2) From 560 mm, to 100 mm. pressure the rate of ammonia

: degomposition ia constant, At lowev pressures the
rate risos to a value vhioh 4s almost tvice the rate
at 100 mm. pressure. Belov 10 mm, pressure the rate
_of dacomposition decreayes sgxim Yescause of inoom~
plete absorption of the 1049 A vadiation,

(3) The nancentuge conversion of the ammonim to hydrazine
1s "indepondent of the roantion prossure but inoreases
almost linearly vwith the loparithnm of the linear flov
rate, Thias oonversion inoreases from rero in the
statio -g-tom to B4% at u linear flov rate of 1750
omtncc. ut inay not Inocrease furtlisr at grester flow
raten. .

(%) The rate of ammonia dacomposition in the flow aystam
is about twice that in the stasic system at the same
gro-sure. This reluationship holds over the vhols of

he pressure range investigated,

(5) A tenfold inoresso in the surfage-to-volume ratio in
ths gone immudiustely following the irradiated zone
has very Little offeot on the rate of amsonia decompo=
sition or on the conversion to hydrarxine, : .

(6) The oxtinogion coefficieny for ammonis ab 1849 1
is 1,21x103 1iters-molea~! om"} betveen 1 mn. and
200 mm. pressury,  The extinotion cocefficient of
hydrarine at 1849 R is about six times that for
nmaonig Indllh 2537 A bas & value of abrut 8 liters-
moles™* om™*,

(7) When hydrasine vas passed through the flow aysten
at o pressurs some cne hundred times greater than
the partial pressure >f hydrazine in the amxonias

otolysies oxperimentm, twenty-five gcrcona of
his hydrasine wvas decomposed by photolysis.

(8) The statio photolysis of hydrasine at 2537 1 obeyea
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tro equation {

2 Naly—d 2 m‘l‘a;*—' Kg + Hp l

(9) If the etatic nuantum Ziold for amnonia decowposition
at 100,mm,. 19 about 0,25 as proposod by Wiig end i
osharnl, then the quantum yield in ths flov syatenm
approaches unity at lev prossures,

The investigation of thu flow photolyais of ammonia haw
shovn that hydrasino and hydrogeh can be the major products of
ths reaotion, The porcentage of the dscomposed ammonia that ia
rescovered as hydrazine depends only on the linear f'lov rate of
the awmonia through the system. An incroase in the linear flov
rato dilutes the 1edicals and products of the readotion with
amuonis and also cauues thewm to spend a shortor time in the
irradiated rone. Dilution of the radicale and hydrazine would
deorunpse the Jdocomposition of hidruzino by redical attack if the
radicals also disappear on collision with the vall., A deorease
du the hydrazine partial presuure and a shorter contact time
in the irradinted sone would lead to lena photolyais of the .
hydrarine bz tho 1849 } and 2537 X radiation. It meome prohuble
theraefores, that the rolatively largo amounts of nitrogen obtnino&
at lov lineay flowv ratoes arise from the deuomgouibion of hydrae-
sine either by phiotolysis or by radicsal attaok. Bome nitrogen
may also arine by an independont resotion path asinoe the minimum
gonivarsion of ammonin to nitrogen was L5%,

The overal) quantum yield of ammonia decompowition appsars
to Approaoh unity at low predaure in tha flov lzleom. It i»
probable, therefora, thuat the primary quantum yleld for the
phouolzuin of emmonia into hydrogon atoma and amipo radioals
is unity., The lover saperimental quantum ytlolds then arise
from ammonia rofurming otops., Thasn stops aro pressure dependent
but are independent of ihe Linoay flow rate. B8ineos the conver-
nion to h{drulino dous depend on the linear flov rate, the
deconposition of hydragine in the flow wystem dooy noé produce
amnonin, The hypothosis that the hydrasius prodused is partially
decomposed in the flow aystam by photolysis was examined, Tb
vwas ohowe that, whon ralativoll large smounta of hydrasine vere
osvept through the aystew by nitrogen or ammonia, tventy-five
peroent of the hydrasine vas dogomposcd, Moresver, 2337
r;giution decomposed hydrasine to producu smmonie, hydrogen and
pitrogen,

Fivst the poualbiligg of hydrasine photulysis by the 1849 1
radiation vas inveatigated, The assumption vas made that the
rate of wmmopia decomposition (1.5x10°' moles/sec.) at 100 rm,
ressure in the gtatioc system representad a que.tum yield of
«R3, The 1849 A radiation intonsity inoident on the floving
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gas vas therefure 6.0x10'7 einsteins/sec, Next, it vas necessary ;
to oalculate the maximum posatble partial pressure of hydrasine l
! i1 the flow stream at various linear fiov ratve, It vas assume) that
tho initial ntep vas '

3 M3 4 hVqgyy ~—P Nig + R ;‘ sg

with toﬂpgneun yield of one and that el tho amino radioals re- !
combined te givo hydragine, The fnxtmum rates of production of o
bydrasine was, thorefors, 3.0x10"7 woles/soc, From the volume flov i
tats of the ammonia through the preaction sone, it is posaille to i
caloulata the voluvwe in vhich this amount of hydragine vas = !
d4istributed, aspuning & uniform distridution, and hence the, ot
t - partial pressure of the h{drastno in the flow stream. This partial .

| " preasure varied from 4,8x10°¢ nm, at A lineax flow rate of 7 cwm/sec.

1 : © to 2.5x10°7 mm, at & flov rate of 10,000 om/aeo,
i

-

s e+ b e

e e A T

If the ammouis and hydrasine are in competition for the 1849 i
:zdiation. the ubsorption equution is given by the follovwing equa-
“ ' ) L}
. X v \ 1
I, = I, 10610 0d - g0l ! !
R . 1 representy ammonis :
¥ e ' 2 reprasents hydrdsine :

, The fraction of the 1849 £ radiation avalledle to the hydrasine

' : is approximately £,0 /U}n;- For the exporiment with the highest
Bazg tl prressuro og gyd aidine in the flov stream thia fraotion ie

x10”", ’ .

Thus 3:10"11 uinntoinl/ioc. vere available to the hydrazine,
and 1f the quantum K1.1d for hydraxine deoowpoaition wes unity,
less than .0Ll% of the hydrazine produced vas photolysed.

: ‘The ieroury éamp puts out apout ten times as uwuoh radlation
at 2537 X os at 1849 X and ut this vavelength the smmonia does il
not oompets with the hydrarine for the padiation, Tho possibiiity Lo
of photolysis of the hydrasipe b162537 rediation vas Lherefore \
examined, Using a,value of 6x10 ° einstoins/svo, as tha input )
| intenaity of 28 I radiation, the extinoetion oosffluiont zron !

T B BT e e,

_ the statlo photolysis of hydrasine (5 liters-mole~? mseo."l) amd

X : the caloulated partial pressure of hydvasins in Lle sloves

v 1inear flov rate sxperiment, it wes oalaulated that less then

1% of the hydresine could be decouposed by the 2537 A radiation,
is result vas not in confliot with the experiments in whioh .

Co hydrasine was desompossd vhen swept through the lamp sone in a’ T
U } - oarrier gas because in theds experimants the partial pressure LR
' £ 7 = 37 CT l ¢
ks ‘ cE e ‘b
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vas about one hundred times greater than in the ammoniu photolysis
experiments, The same method of caloulation, whon applied to these
hydruzine flov rurs, predicots that 26% of the hydrasine should be
decoxposed, )

: A8 & ronult of the sbove nalaulations it seeds ressonable
- %0 say that the ghoeotyail of hydrazine in the flov aystem oannot
aogount for the dagompoaition of hydrasine and thus the hydrusine

nmust be documposed as a result of radical attaoks,

. AN

«~1a viev of the experimental results and oalculations dise
cussed aboyo, the follewing reaction meohanism was adonted as
t?o bnni: or & qualitative explanation of the flow photolysia
of ammonia. _

. (1) ,ms-o-'hv 1849 el %+,g
- (2) B + Wiy ——» ""3.
(3) NHz* 4+ N -—-’NI{S-*' X
(4) NE;* —=p NHg + H

C(5) Ny + My ——b NR,
(6) Nty + B —w N Ry,
) WgRy ¥ B—p Nk 2y
(8) NgRg + Nlly——b 2 NHg + Np | . I

(9) H + vall —» 1/2 Hp + vall , |

Acocording to this moohanism, 4if hydrasine is a produpt of
the reaction, there is an exuess 5f hydrogen atoms whioh diffuse
to the wall and form wolecular hydrogen. The amino radicals are
removed rnpidlx bz combination to hydragine, whereas the homo-
geneous recombination of hydrogen atoms requires a three dody
collision and 4s thireforo noegligible. B8inoce there 18 au exouss
of hydrogen atoms, the attack of amino radicals on hyd'a ine ood:
hydrasyl radiocals is unimportant, Moreover, reaction t ie

. unimportant compared to resction (7). )

The assunption has already been iwads that the quantum yieid
of redction ??S in uni?g If (8) 1s naglected, vhe only ammonia
reforming reaction is 5 vhioh ls pressure dependent, The flow
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. experiments indicate that, at pressures higher than 100 ma,
{ resction [3) !v much mose important than reaction (B). At {over
gresnures, rodction (4) dbecomes important and the overall quentum

yield 4pproachus unity,

: ' 1If hydrogen atod.removal resctions 16) and (12 in neglected,
’ the statist{cal vate for the ratio of ammonis reformition cowpared
to the rate of hydmarine formation by reactions (3) and (5) 1w
two to ono above 100 pm, peessurs, Thus, cne-half of the anino
radicale raform ammonia and the rate of Ammonia decompositicn ab
presaures over 100 mm, is about one~hall the meximum value

obtalned at lov prossures,

. Reaotion (3), the ammonia raforming stap, depends on the
h¥drogen atom aoncantration vhisli iy turn dopends on the sxtent
of vuaotdons (6) and (7). Tt will bo shown below that the latter !
' resotions depend only oa the linear flev rate, Thus, the hydirow o
: gon atom aongentration and henoe the not rate of wowmonie degomuonis !
tion should dupend on the linear flow rata. Thia offect was not ;
" found expurimoentAlly and the explanation iay be thut in the range :
of lineax flow raten uoed the total concentration of hydrogen .
abous did not vary by more than 254 due to removal 4in roactions '

(6) and (7).

As the lingar flov rate 4o inhoreased, the reaction products

ars diluted with ammonis causing a roduckion of the partial |
pressure of hydrasine in the flov stream. Reaotions (6) and (7)

hecome lese importaut eompared to reaction (9) uu the hydrasine

partial pressure iu dearcvased, Thun the conversion to hydragine
norsases vith lirear flov rate and is independent of the resction

pressure,

The experimenta in whioh the surface-to-volume ratic was :
inorvased in Lhe zono following the lamp indicate that most of :
the reaction is complete in the iprrediated xone., If this ware
not the came, the inorocase in the rate of hydrogen atom remuvel
would result in an ipnorease in the net rate of anmmonis desomponis=
tion and 4in the oonvorsi‘on to hydrwuzine. A small increass may
be noted in these experiments dbut the innrease is sonroely greater
than the experimental erzor. i .

R In the atatio photolysis of ammonia, the meohanism must 1

K _ explain the faot chat no hyirasine is obtained and that tho rate

- of &mmonia decomposition im lower than in the flow runs although

SR 1t has the sane presaurs dependence. The partial prossure of
hzdrtsino is probavly wmuch higher in the static system than in
the flow ayetem and tlhe hydraszine formed must remain in the

‘ reanction xone. Xenao reaction (6) im very important and ?sglzl

]

e e e o
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a deoreansn in the hydrogen atom concentration. Reaotion
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then able to compete suscessfully with reaction (7) and, sinee
roaction (8) results in amconia reformation, the net rate of
amuonia deocomposition iz decreased., 72his effect 1 prespure
indepandent but pesmotion (3) is also in operation 1o that the
rate of ammonia decompraition has the same pressure depondence
as it has in the flow experiments, It is possible that the
photolysis of hydrasine may also becoma important in the stutie
system, : :

While the mechanism which has heen presented is in quaiita~
tive agroement with the experimontal faots, 1t is quite possidle
that complex homogeneous and lLioterogeneous resction stepa are
involved wvhich would give a riore couplete explanation of the
rosults vhioh have been obtained 4in the ammonia photolysis.
Since the epparatus used in this inveutigation was somevhat
different from that used b{ other investigators, a quantitative
cowpsrison with their results doos not meem justified.
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HYDRAZINE FROM THE ACTION O
LIQUID GHLORINE ON LIQUID AMMONIA

B a0 ey

) I- °¢ 'omﬂ T
Naval Ordnsnoe Laboratory

An attempt was nade to synthetize h%drazina by the inturaotlon

of liquid chlorine with & large ecooss ol liquid amsmonia at 3590
and about 200 psi. The bost yield obtained wes 2,7 percont of

. thegretiocal, Nitrogen vwas forwsd by a side roacstion vliich could

not be suppreased by sny mixing conditions tried, The project
vas.droppod b comnereially unattractive, :

In 1949 a group at the Raval Ordnance Leboratory beoams in-
terested in ths synthesis of hzdrazine. The reaction of liquid
anmwonia and chlorine was selostod for oxploration, During the
summer of 1950, apparatus vas set up by Rubart Tatum, dstalled to
ROL from. tho Bureau of Ordnance. A short investigeation of the
reagtion was sompleted during the pericd by Mr, Tatum and Dx,
(oorge Bryan of NOL. At the time this projsot was begun Y!)hnd no
lmovledge of the work of Mattair and Sisler of Ohio State\*/,

Certain rigld rostfictionn were lald dovn at the atert of the
investigations

1. Exporiments would be terminatsd unless thers vers in-
dications that a yisld of 90% or better (based on
cshlorine) oould be obtainedq,

2. The reaction was to be run with a large excess of
anmonis to minimize side reactions. . ‘

3. The roaction was to be oarried out under prosaure in the
11quid phase at a temperaturs of 309 - A590 so thet mill
vater could be used for ooo:l.j.nzil Any attempt te use
refrigeration for dissipating the heat o reaction vas
regarded as lerding to excessive capital and pover ocosts.
We frelt that vapor phase reaction would iead to excessive
localized heating and that olouds of NH3Cl produced
would be hard to handle, In addition, plant equipment
would be bulky. .
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4, Temperature rise during reaction vas to be held to 5° -
1000 partly by d4lution vith ammonis and partly by
extornal cooling with n{lt-vcpoa.' . N

5. No diluvents, o1thier liquid 6r ganooui, ware to bé employed, .

An inert gas dlluent, in partisuler, could lead to exceasive
recovery ocosts, ) : s .

fi. The entire oporation vAw regerded as a logicsl adjunct to
R an oxisting chlorine plant snd rrojootod POSOVEry DYOCOBESS
wvere based on chemicals availadvle within such a plant,

A cost eatinato was propared for & plant produsing 1000 pounds
.per hour of hydpavine at 90% offiolency., For 1§50 prices materials
cost was oatinatned ut 1B.7 cants per pound with a selling price
of about 37 cents, Capital oosts seemed to be in line with those
for othexr heavy chemiaal prooeisas, Laboratory apparatus vas
denigned to produce 0,1 pound per hour of hydraxine at the reaotor
and, No attempt was mads at this point to test the fousibility of
projectnd vecovery prodesses,

Experimental

- Soveral reactor designs were tried; the final one is shown in
Figure 1, Resctlon ocourred in a 2" hole drilled in a blook of
siainleas steel 1 inoh thiok. The [front and rear facas of the
cell vare mado of 4 1/2 inch dians of 1 inch thiok Herculite glase
with O-ring secals, Uhlorine vwes metered through o stainless valve
built into the block, the spindle projeoting just inaide the oylinder

wall. A thin, flat, Jjet of amnonia vas fed at right anglesa to the
oilorine inlef.

A oimplified flov diagram is shown in Figure 2, Certaia
valves used for safoty and oonvenience have bean omitted,

Both the ammonis& and chlorine tanks were immersed in therwo-
atats to develop the propor vapor pressure cver the liquids.
Armored rotometers reglatered flowa, Ohlorine vas oontrolled with
the valve at the reactor bloek, wvhile ammonia flov was controlled
by the outlet valve to the rocovery system, Operating pressures
vere from 180 to 250 psi, The chlorine prossure vwa; Kept about
10 pai higher than ammonis to prevent baok-up into the chlorine
lines. The awmonia tank was msde of carbon ateel, the rest of the
system of 316 stainless,

The recovery system consistcd of an 1nau1l£od chanber (Dewar
type) in vhich ammonia expanded to atmospheric prassure,
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cooled prodnét drotped ¢hrough a condenser into a redeiver; inert
genes were vented through a segond condsnser attached to the
receiver. Both 2ondensers and receiver vere cooled in a dry 10e =

scetone mixture, The apparatus was properly armored and ventsd to |

proteot operating personnel,

On oompletion of & run ammonia vas removed in o »till gi~t
separation at least equivalont to one thecreticsl plate, In mon
oAvas the residue vas disnolved in vater and an aliquot taken for
analyasis, Sometimes an aliguot of the conocentrited ammonita solution
VAN Temoved snd dissolved in dilute acid sad the resulting solution

analyszed. N
Rydrazine was determined by titretion with iodate, A check

anslyais vas aade b{_ reduoing silvey ion and veighing the silver
arine vas prepared in one instancs to identify .

the »educing agent,

Disappointing ylolds of hydrazinée vers encoumntersd unde~ all
conditions tried., Results are summarized in Tadble I.

Table I
Hydrazine Yields (Based on Chlorine)
‘Oparating Pressure 180-200 psi. Temperature, 35°0

Rl et oifa/he e perent
»n 93 '3 040
100 18 10,18 1.0
330 1% : 0,045 2.7
830 20 0.N2h 2,0
900 19 0.021 2.0

In viev of the findings of Mattalr und Sisler that chloramine
reaota slovly vith excess ammonia it is possib)s that reaction
tius vac insufficlent in these experiments, Our opsrating tempere=
ture, hovever, vas somevhat higher, and should have Jod to faster

retctlon,
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Nitrogen vas formed rapldly in the reaction chambher and no
conditions of mixing were found vnigh pravented the unvanted side -
reaction, An analysis of the lnert ges with & nass spectroneter
shoved only A trage of hydrogen. . There vas never any evidenge of
pltrogen t»lohloride being formed. Heavy metal Lons wers present
in tho offluent from the remstor, Mckn and iron were identified,

_ Nolybdonun vas adsunt. No test for copper vos made,

No attempt vas made to dilute the ohlorine vwith & solvent
such as carbon tetrachloride. : :

.. Bubstitution of bromine for echlorine gave & slover, swoother
reaction but ylelded no hydrasine, - _

Miwcallaneous Obaservationy .
In gonnsation vwith this projest certain other observations )
vere made,

A 30% yield of hydrarine vis obtalned from the reaction af 15 g. .

04 semicarboside hydroohlorids. and 80 eo of anhydrous amuaia
heated for R hours at 100YC and 700 psi.

Phenyl hydrazine and 1iquid amcionls failed to readt under the
abuvs conditions, ' )

A mixture of 5 g, of nitrobenrens, 0.5 g. of NHyI and 75 oo
of avhydrous smmonis hoated to 100°C for 2 hours d%d nol show
hydruzine. This eaperiment was performsd to see vhether nitro«
beugone vould oxidire HI to Jaj3-&nd 4if this, in turn, vould :
oxidisze amusonla to hydraszine. .

This vork vas supported by BuOrd Task NOL-I)-Road-Oé:i\.' CLas

Beference

(L) Mattair, R, and Sisler, H, n'. J. Am, Shem, Soo.
o (1ssl). ’ ! ! 12- .m

PI80oUSSION
D>», Noonan acked if anyone had attempted tu produce hydrasine

from hydroxylamine and ammonia, XUL had tried the reaction with
no sucoess. .
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MR, D. ¥, RYXKER (0lin Industries, Inc.): We did soms vork of
& preliminary nature involving the rwaotion of ammonia end hydroxyle
ngno to make hydrasine. The results, hovever, vere negative, -

‘T am interentod in the statement thet you ought to be able
to make hydrasine ahesper from hydroxylamine, It im my im-
1 pression that h;droxyluuuo 4is an expensive material at the
1 prosent time, think it is almost as hard to make as hydresine. .

: . s . - v . o b
1 DR, NOONAN: . It can be made by the oathodic’yeduction of WO, . /'
[ I belisve, It geems to me BY using a ‘Gardner typé cell you ough&- 5\
[ to be able to get hydroxylamine, and with thy present knowledge .
iu the ollerine industry of the' liquid amaonia extraction of sodium
hydroxides you ought to bo able to gt it .out_,‘(lnnn)_.\ o '

[
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 BUNMARY REPORT ON AVAILABILITY AXD 00T UF HYDRAZINE

" Abstraet

by
: Rusaell B8, Coodman
The Ralph ¥, Paraons Company
: . \ ' ’

[

[

The present pvoduocibu of anhydrous hydresine totala about

650 poundutﬁgr da:i vhich vill be inoreamed to 12,600 pounds per

day early & apring. ,
‘ The ourrent selling price is $4.50 per pound, vhich vill be
rndu.od to $2,.50 per pound or loss vhen 'the new produ@?ton'

faollitles are put in apepation.

Ths modified Ranohig proceny orfers the lowvast cost satahlished
froduation mothod, and vill acoount for about 95 porcent of the

otal produstion. The Urea-Hypuchlorite procoss will supply the
balanoe v .

: Au estimste of sbuolute minfmum produotion cost in Govermment=
operated pgantl utilieing the Raschig provess at a rate of 50 tana
per day indloates: - '
1. A ooit of 30.5¢ per Sound 1 811 rav materials arve

supplicd at cost in Uoverumsnt-operated plants,

2. A ocost of 46,64 per pound Lif rav nuterlsls are pur-
" ochaned at market prices. .

* “ L

It is apparent frott the papors vhich have DLeen given in this
8zmpo-1um that a great deal of research vork has been done in the
attempt to develtp a proceas for the production of anhydrous
hydrasine at a lover cost than the exiating occmmeroial proceaases,

Some of this work ns{mglbimntulg succead in this objective
hovover, at the 2r¢uont t all-of the comnaroial production o
hydrazine is divided about equally betveen the modified Raschig
process and the urea-hypochlorite process.
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The present production totals shout 650 pounds per d“ﬁ but J
.additional plant facilities are now under sonstruction vhioh will
{norease thim to about 12,600 pounds ror dey by ekrly this spring,

at vhich time the Rmachig process will account for approximately

99 percent of the total preduction, . e e

The ourrsnt selling price for anhydrous hydresine 1s about
: ~ $4,%0 per pound 1a stainless steel drums at the plant, Hovever
? 1t is ,atimated that after the new facilitles are put in operation ,
' the prite can be reduced to about $2,%0 per pound At the Lake . o)
Charles plant of Maghieson, and at the Nevark, New Joraey plant S
of Fairmont, : . :

? In the apring of 1950 The Ralph M, Parsons Company completed

é a study under tho aponsorship of the Navy Departmont Bureau of .
i .
!

|

{

o

Aeronautics to determine what processss cculd be uvaployed snd
what the minimum oost would be 4f the Goveramsnt regquired hydrasine
- 4n large quantitles, ' o :

. \ [N ) | t ' 7

. Buses for Desispend Oost Eotlmtes i . : 1
. R n% Qonty =~- The rav materisl custs are determined \

on twb‘ﬁ%éi%%?u

e uont desirable from the hydranine cost stande o
foint 1s vhore aruonia, chlorine, ocsustic and uret are produced . !
_ n Govornmat planta and charged to the hydragine plant wt gout . ;
and this has beon designatod as Case A. Thase paw materis) oouh |
: would includo all manufasturing costs and normal plsnt depreciation,
: but no general overhead, interest, sales expense, ingcome tax, or
i profit. To astually realisze this low cost rawv material source
f would reguire the vonstrustion of Governtent ohlorine, ocaustie,
end ammonia facilitios, Sulfuvio acid und glue are nobt considered ,
eritioal items and oould he purchased on the open market.

.'i The othexr cane, dusignatad as Case B, asavmes that all rav
{ watevials vould bs purchased at prevalling market prices,

i
H

Freight is estimated at $5,00 par ton on smmonis, urea, and
sulfurio aold only, vwith no freight ocharged for chlorins or ocaustio.
\ This iw also an average ccndition between & sompletely integrated
i plant and an iuvlated hydrasine synthesis unit.

R gﬁ'umlh“ The primsr! utility {s natural gas for stemm ' :
L generation, e nteam cost ls not determined separately since the :
stesn plant investment and the operating cost are inoluded as part i |

o of the overell hydrasine plant. The same i3 true for vater ocost, N ¢

Uk Ko charge is made for rav vater, but the cost of treating makeup : ;

2, e cooling vater and boller water is shown, It is assumed that the B

spall amount of eleotrioity required will be purchased. ’
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aing A h-Procassing Costs «- Thase are dased on the
gatisated lebor and supsrvisory foross required and the operating

. .eoonditiona antieipated for this type operation. The item “"Nis-

ocellaneocus™ inoludos genoral engineering and maintenance, office

supplies and exponses, medical, fire and seourity pr too&ion, R

storos and salvage, traauportniion, Janitonr sexviae ?oueqido
rooessing ares 4 moving and living expenses vf employees, maine
enancs of grounds

figures are therefore higher than the reserve-for-deprecistion
figure of pirhapa 7 persent per yessr vhich wvould be used in normal
acoounting prosedunss, llouaver, one of the primarz purposes of
the oost estimates in thie report i1y to detormine the oost of
hydrazine to the Government should 4¢ hecome invelved in the
manufnoture of this matorial for military use, 8ince hydraxine
thus far has no large scale none-military use, it is believed that
more roallstio coat figuren will be cobtained bz aneluding in these
oosta tho effegts of amortizatlon at 10 peroent and 20 persent

par year rather than the lover normsl depreciation figures vhioch
Are used foxr nmionis and chlorino-saustio plantd, the products
from which are in large scale poace~time demand. "

- E—grqggg? ggﬁggg == Both the Rasohig Amionolysis and the
Uroc-ﬂ oohlorits Anlionglyals procesass wfxl Yleld a cowneroislly

ealaable amnioniwwm sulfate hy-produst. The Urea«Hypochlorite

Awronolysis procass will also yield a sulosble 28 porsont aqueous
apuonis solubtion as will the Urca-Hypoohlorite Caustia Doh{ﬂrution
process, The oredit for these by-produsts 18 connorvatively taken

at ghout one-«hulf of fhc proseut uurket value, or B20 per ton for .

anaonium aulfate and 332 pey to?'(nnhydrouu baa az for the 28

padost aqusous amaonia, Balt (sodium chloride) 1s produced as

& by-product in the Ruaohig Armmonolysia Eroooll, and & sodium

ohloride~sodiun carbonate mixture is produced in the tvo Urea-

E!poohlorito rocesses. The cout of recovory and purifioation of
ose naterials is estimated to be moro than vhe sale value, hence

no by-preduct orvdit is slloved, :

‘\

,§f§-§“§1”%§% ~« The cost of produsing anhydrous 5rdrnuiuo as

dete od ln s cogort does not include heal office salaries

and expensea, proosassing rozaltiqn, intsrest on vorking oapital,

interest on plant investment, salos expense, income tax, or profit,
. This study brought out the following conolusionss

1. At the existing state of development the Ramohig process
co:ld produce hydrarine st a lover aoat than apy other
process. -

and roads, gon-oporct&ng yohiulcn. and lpﬁorlggry.

dsoptazanion - Amortisation is taken at 10 percent per year
in Case A AR peroent per yesr in Csse B, The resulting dollar
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2. A ainimum cost of about 274 for pound of Anhydroul h:drn-
. gins Jould be 1ealized if all rav msterials could de
: . supplied from Governsent plunu and ohn-cod to m .
B "~ h 7§nll£no plant at cost, 5 Ve
The production of hydrazine by tho uroc-hypoohlorito
{ . ’f groogaa vaa about 1%& per pound higher then the - .
b ‘ ulohis process in large-scale plants, P
,' toononlo svaluations vere made on the basis of vurioul proooll
unitse douignod for 50 tonm of snhydrous hydrasine per day,

These Jdata uro presented in Tables 1, 2A, 2B, and 20,

Three different mathods for the dchrdrution of the hydrezine
hydrate aasotrops vere studied and it vas ooncluded that caustio
dohyiration and areotropic dehydration ware abont squal un 4 ocoat
basis, while ammonolyeis of hydrazine sulfate was somevhat more
costly and introduced problems of by=produet diapontl. ’

These reslationohips are shova in Table 5,

Tho produation of hydrasine br the uro;-hypoohloritc prodens
1s sowevhat simpler than by the Rueohtg prooosl in the reapect that
" solid urea own bo stored and reaocted at atwmospheric pressure while
1iyuid ammonia regquires graonuro equipasnt, However, it is & more
ooatly process because of tho higher cost of ured than aumonia and .-
because it requires more caustic soda.

A oost ocmparison of the two processes is given in Teble 3,
Deocmposition of Semicerbaside

“he anmonolysis of cemicardaride appsars to offer an attractive
means of producing rlsino. Although theras is no commarois)
produotion of hydrasine by this proosos, it mn be of interest to
g:;;on: an vatinated cost comparison vi&h asohig process,

¢ A

gmuum

f hydraxnine is tn be produoad by the Rasohig process in
gunneibiou of 50 tons per day or more, the unit oosts correoted
rom the 1950 index to November 1952, would be as follows:

[
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]

. coang, BUSOIINONIATES B L g
MR. J W ‘o" G . 3 [] [] [ p'
"."BR.ZVAR 0. ‘NOONAN, AND MR. RUSSELL GOODMAN

VOICE: The mechanism you had on the slide indicatod that
hydrogen atoma ocontributod materially to the modification of
tho ylaold by intermecdinte stapa, yet you find that althou
hydrozine La prosumed to be pemoved by romotions the {ial in
unaffectod by a very large incroase in the surface volume ratio.
How do you oxplain that? :

PROFESS0R QUNNING (Illinois Institute of Teshnology): I don't

think that particular reaotion is important under our conditiona.
I put that in as q Poasibility but sctually the hydrogen atoms
uro largely destroyed there. That is to say, 1f you look at it
thinr way, sonstdor the infinitely high flov Tatens, you hav~
hzdrogen atomy pr.iuved, MThens 1s no other plane for them
cxcopt the wall 4p they did not react with hydragine, Qonao-
qunnclz the wall thon becomes unimpovtant, It 1o only where
the wa { gompotos with some other prooess that Yyou oould say
this would affaot it. I the wall is competing with hydragine
that would be trus because in the oase where you have abstrag~
tion Ernnossan forming Hs, then that would Ledome true, but
actually in the very high flow vates the vall doesntt, as far
88 ¥o cAn see ~-- now we vay thia with a eertain degruve of
humility «- ‘contpibute,

VOIOE: Kinotically speaking, that reaction does not exist,

PROPESSOR QUNNING: Look at 1t this way. Suppose you write
down the reaction and you get 100 pordent hydrasihe an gou ot
hydrogen, 1low nlae can the hydrogen moleoules form ir ¢ ey do
not reaot with hydrazine, unlaoy that ia by abstraction? You
oould perhaps uso ammonia ag & third body ocombination in the
gfa phaoe, with ammonia as a thixd body, but we don't believe

it 18 true, '

You hit a point thas we are not sure about, Thia problem
of the heterogsnous process pussles un a great deal., It 1s
one of the basio problems I think in the interprotation of the
amnonia photolysis; we do not know the aotual role nf the
heterogenous procssses. I agree there is scmo question in s0
far an vhat the hydrogen atouws do, :
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VOICE: The reason I ask is that one is to inorease, the
other decrease, It would seem pasuliar, therefore, that you °
should have found, 1f this mechanism that you desoribed is
corroot, that large an tporease if the surface volume ratlio

is an you say, o

FROPESSOR GUNNING: I agree vith you, These are the faots
though,as fap as I knov them,

. DR, FRED VON HESSERT (Fa!irmount Chemical Co., Ino.): 1In
the aretropic dehydration of hydranine what 1s the over-all
loss of aniline per ton of hydrazine produced?

MR. WICOIAISEN (Mathieson Chemioal Coxrporation): This
queation will be answerable only after commersial prodhoction
of hydragine 1s bozun, Theoretioally, the loss ahould be nil,
gince aniline ia cvompletely atadle under the conditions of )
operation. However, actual loss will depend upon tho effioiency
with whioch the aniline can be reccvered froum the wvaste vater,
and upon the handiing lowses. Pilet plant operation does not
agourately pin either of these factors down., Ib any event,
the loas of aniline antiolipated 4in the plant does not contribute
approeoiably to the production cost,

DR. VON HESSERT: You must have sone figure to base
your loas on, o :

MR, NICOLAISEN: As I say, ve have no astual basis for
proving the losa, '

. THE CHAIRMAN: I would juat like to caution you vho enter
rthe discusnion that you will have to corrsat the stenotype
reoord., Wo would appreciate it if you would make your reamarks
ag loud as you oan. :

MR, MEYFR STEINBERG (CQuggenheim Bros.): I would like to
ask Dr, Qunning vhat concontrationa of hydrazine were .obtained
in his experiments., Ie there any indication as to a theoretiocal
maximum possible oconoentration?

PROFES3OR GURNING: Now tho oongentration of the hydrazine
in tho reaction zono, of courss, affects the oxtent of doocompo~ .
sition, Ams you esoale up the unit one of the things Iou do and : [
ua

the reason we are doing 1t, 1s to inorease the ao extent of i
tho decompesition, . ' '

I think the opux of the vhole thing lies in this -- can ve !

inorsase the amino radical concentration, therefore the hydra-
2ine concentration, and still maintain the same ove. -all yield,
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1n other vords, you must realise that in tais process at this
ntago there is no precedent for this type of work, Thercloro,
ve don't suale up, that is, at lLeast tu vhere Mr, Goodman ocan
do it because of the great deal of industrial knov-hov and
precedent. There is none in this; ounsequently, vwo don't knov,

What vo are doing nov is inorsasing the light intensity,
therefore inoreasing the ooncentraticns of hydrasine, you uee,
in the total amount formed, to see if we oan maintain by &
faotor of 100 a ulnbit{ Iiclﬁ. ¥e have reason to believe
¥e have lnoreased the z ¢ld under those coaditions becauce wve
can get higher flov rates,

MR, STEINBERG: Wwhat are the values of the stationary
conoentrations of hydrasine?

PROFESSOR QUNNING: They are extremely lov; ve Are only
decomposing about 0,1 percent of the ammonia, Under our
nopditions tlat is limited by the light intensity. As ve soale
it up, we will inorease that,

THE CHATRMAN: Anyooe else?

DR, BUGENE MILLER (Redstone Arsenal): I have & genwial
question on the problem of dohydration of hydrasine. I vonder
if apnybody has considered the possibility of operating the
distillation at lower temperatures and pressures in order to
preak the hydrasine aseotrops, Theoretically there is s
poanibility and it can bs done,

MR, CLEGG: We have given it brief comideration thooret-
ically and find there 1is little point in goirg to lover pres-
sures, There is some indication that & break Huld be obtained
at about 10 atmospheres, but as far as I knov, no experimental
wvork has been done,

MR, DANIEL B. MURPHY (Picatinny Arsenal): I would like
to ask Dr. Noonan whether the uanlorine and ammonia used vere
of commeroial purity?

DR, NOONAN: Yes, they vers. That is vhat you would use
ordiparily., Aotually, they did go through one diatillation,
because ve diptilled éhon into our receivers, and nlz have
purified them slightly, We didn't intend to do it, hove

THE CHAIRMAN: Mr, Nicolaisen, do ieu vant to comment on
ths question by Dr, Miller of Redstone

ver,

MR, NICOLATSEN: No, uir,
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MR. M, P. DUNNAM (Wright Aip Development Canter): T had
A comment on the Hed3tone quesntion, We ran tho distillation down
to 10 millimetern, It didn't change the aszeotropo composition

apprasiahly,
THE CHALAMAN: Anyone alpe?

! . DR. A, M, BALL (Horeules Powdor Company): I «m curious to
' . know whutlior thy kMathleson pooplo regard tho Parsons flgures as
' u reasonahla goal) ror that scals production,

ot THE GUAIRMAN: Which ligures, A or B?
UR. PALL:  Elther one.

DR, TROYAN (Mathieson Chomioal Corporatlion): I might speak
For Mathiuson undar advisoment.

1 belleve the higher figuros that vere shown aye more
roullatie, It ia u rather aynthetis chse whore everything s
manulastured by Lhe Governmont ab o profit, ttarting with
coal; alr, veter and salt., 1 belivve that the $0.50 s pound
prige Is a rough flgure that in our oconomic avaluations looks
attalnablo at this scale of opearation,

DR, BALL: Did you mean the plant that you ave building
now s for 50 tons a day?

o MR, TROYAN: Six tona a day.

JHE CHAIRMAN: 1If I way abuse one of the duties of the
Chairmun not Lo make gratultous comments, I would likae to say
thut thia highly controversial matter of profit or no profit
to the dovernmont iw tied up with raturn on the mouoy that 1a
usod. Aectunlly I think we confuse figures of no profit with
rigurea uf no profit plus no charge for tho carital that 1a
used. That is something I cortalnly would like to woo olearly
dolfinal in figures of thia type,

' I think wo can fool ocurselves by looking at capital f'igures
; and aost figuros whore actually the Government's costs are not

! all 1n, Tho Govermmont doasn't get money for fres any more than
#nyone also doea,

DR, W, E, LAWSON (E. I, du Pont de Nemours & Company): A
?23 cah alvays comment on that, I suppose, and- indeed T should
e %o, .
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The custs in question carried nothing for vorking capital,
avan for ereotion of the plant, Surely one has to pay the
laboser before the money for the operation comes in, .

Purtherwors, there must be an amvunt surfiolent for thirty

or thiry-tivo daye' operation, This 1s & portion of your oapital,

apd 1t 18 not included in the sumuoary,
THE CHAIRMANt No vorking oapital, in other wrrds?

DR, LAWS0ON: HRo, none whataoever vas ineludsd, T noticed
the priges for elentriaoity, which were down es lov as 5 nils,.
Thore 15 no placo in the (mited Statem where newer oap be
oblalned et the progent time at thin figure, with the poesidle
oxgeption of TVA, vhizh dcvs not inolude the entire eoatw,

Wfithout inoludlng tho entire capiial, there is no way of
caloula’ lng roturn, And 1t 1 necessary to goL o return on the
invoutmont, vhichover »gte is uped for calouwlations. Puvtlep=-
more, this iucludes all atartipg materials, wnd I note that
these wore at cost without return. I vould suggent that we
look at thew with a Jaundined eye.

THE OHAIRMAN: Mr. Gocdusn, you sre entitled to rebuttal,

MR. GOODNAN: Dr, Lawzson undoubtodly knoys more reslistic
figores about profits and losses thano I do. They vare based
on 1950 o3 & ninimuth on inatructions from our agoboy, hhe
Burean of A¢ropautlos, We were to oaloulato o miniuma figure
with no profits. 1 would gran. they rmey not be renlistic today.

Ti¥ QHAIRMAN: We oould find cdmmon agresmont that they ure
mintwum figures,

HR, GOODMAN: ‘They ars unqhostionubly mininum figures,

MR, vV, R, BONNRITE (Msthieson Chemical Qopporation): Mwe,
Goodran, you didn't say viether 10-year amortization or 20-year,
Was 1t 20 years in cane "B"?

iR, GOODMAR: 10 peroeny per yesr or 20 parcont per year,

‘PHE CHAIRMAN: 10-yoar and 5-year poriods.

DR, J. R, HALLER (Mathieson Chemlocal Coxporation): I would
Liko to agk Dr. Guoning vhother he har over sxecoded the approx-
imate convuraion of tho 0,2, »z therasbouts, purcent of the

smmonia. I ouspoot there ia A ceiling thers that I would be
interested in having explained, .
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- PROFES30R QUNNING: Actually the fact of the matter is -
ve are, as I ssid bufore, limitod by our light intensity. We .
have to maintain a certain linear flooring. You sce, vo wvant
to have a nomplete set of data in one reuctor to Keep everything

the sama. .

This question, I hope to be able to ansver for-you within

! about one month. I 6an glive you aD oxperimental anever to this 1
i queation, but I don't feel any other ansver has Any meaning &s i
i it stands now, As I say, I fesl that thio ia one of the mdat '
.: complex reacticns, 1o photolysis nobedy agrecs vith snybody.
; Wo only make vur mevhaunism to fit our particular apparatus.

{

!

|

i

! T thipk 4t can be done, let's pus 1t that way, 1 an

sufficiently encouraged by what we have got up to this stage, :
the pxtent of deocumposition, maintaloing tho same flov rate, . | ! i
T think that ve can go farcher, That i3 & big questiocn, X ) Coy
would grant you. ‘

THE CHAIRMAN: Anyone olu?’

; DR. NOOMAN:' The Mathieson figuru on povwer per pound of .
hydrazine must bo around 6 kilovatts, Is that right? '

VR. TROYAN: I don't believe ve have the data right ab
hand. That probably sounda in the right range.

DR, NOONAN: T Just want to point out Dr. Gunning has an
awfully long wvay to go. Down to 6 kilovwatts is quite & long
WAY. ) ' .

PROIESSOR GQUNNING: I would like to point out other things
in my ovp dofense, VWhat I based it on was the pover require-
ment of 100 kilowatt liours per pound, As it stands now it
1o a moat consorvative estimate,

When oomparing the Ramohig Prooves ve are dealing vith
aphydrous suronia, We go to anhydrous hydraszine, We have
not tho elabnrate resoovery cost associated with the Rasohig
Procoes, as we will see. I ergue this will be the determining
faotor, ¥e have o leexmg that we can move up to & yield of
one, at least, Now we think we can inarease this., Ev time
we inorease from .l to .2, say, we out it down from 100 to 50.

- There 1o a groat deal of exploration work that has to .

be done on a aomi-pilot soale with large reactors and high ) :
£lov rates, but this will be the determining factor., There .
are & 1ot of miterial nnsts that cdéme into the Rasohlg Process

that ve haven't got.
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That 18 the only reason we feol encouraged in going on,

D7, WOUNAN: Well, again, I think fer every 10 kilovatts
of pover you use up you have got to give up so nany pounds of
aluminum or ao many pounds of chlorine or so many pounds of
ocalstum carbide, and as I pointed up befors, pover plant -
facilitios are not quickly expanded in var éimo. You ¢an put -
in cells rapidly; you can't expond a pover plant in short oxder,

¥R, GOODMAN: I might point out, Dr. Noowan, putting in
chlorine o2lls also roquiras pover, . )

DR, NOONAN: I metn thla: You oan put i1n a o=l) . but you '
can't build the powerplant for it,

MR. CLEGU: .Y don't want to enter into a wsoniroversy.
Hovwover, repovery coetas of hydrazine from conventrations of a
fracgtion of one percent in smmonia may be as mioch as tho resovery
cost of the hyiraxine in the Kanochig Praoess. They are subatun~
tial, I baliove that Mr. Goodman will back me up on that.

MR. GOODMAN: It i3 very true,

MR, RYKFR (Olin Indusiries, Ino.): 1 want to ask a ques=~
tiop vhich is ip direot line wihh Mr, Olegg's ovomment, I wvant

to ank Dr, GQuuning, with obly one-tenth of 1 percent conversion,
tiiere will be something lesm than one-tenth of 1 pereent of
hydrazine {u the emmonia, I think you are going to have di1ffi-
oilby Minding $L.  How do you expeut to get it out of the ammoniat

PROFESSOR GUNNING: Simply by oondensing the ammonia. In
other words, you have your refrigeration unit thores, As you
pump out amuonia, hydragine is coming down with the aummonia and
ocongentrating. . o

MR. RYKER: At vhat pressuroes?

PROTE3ZO0R GUNNING: We havs oporated at @ large .aumber of
pressures. As & matter of faot, we have axplored, as I say,
quite & range of pressures. We oould go up or atmospheric
pressures without any troubla, We have been working at lover
pressures recently because we were interested in the problem of
ohanging quantities, but any pressurs from 10 millimoters up
to atmosphario oan be done at convenience.

MR, RYK¥R: Then gour ontire system will have to be a low
temperature system, -30 dagreess F. or lower. - .

o7 o
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YROFESSOR GUNNING: Por the recovery, the whols thing 1s I
done at lov temperature, In freazing the ammonia you have to |
liquefy the ammonia.

I von't argue about that, You people are much more competent
than I am, I am just a university professor.

; MR, GALE (MoCord Corporation)t I vould like to address this "
: question to Dr, Noonan,

: Did nubadquont vork by other inveetigators indicate that
- the process dusoridbed in your paper was thermaiynamically out i
i of the question? L. :

- DR, NOONAN: Reforring to the asmonia-ohlorine reaotion,
no; I think Mattunir and 3isler gou: abeut 30 pereent yield,
Hovavor, thoy did it 4n tvwo osteps., They alloved the ammonia [
and ohlorine to react in the vapor phaso and held it ip the !
ohloramine form at low temperaturss to contact the ammonis at
-ID°O. for soveral hours, Apparently this reaction is rather i
slov, i . .

MR, GAL#: The reason I bring that question up irv the design B
of the reactor whloh you nhoved iy perhaps only a achematie :
reprosantation. I vondered whether the methed by whigh you |
introduand your streams might not have produved affeots similar .

' to that found in the MHilsech tube. ' b

!
]
{

DR, NOONAN: wWhat 4s that?

- MR, GALE: That's a tube in whioh gases ayre introduced
tnngant1a11¥ at high pressures and velooities and tlie resulting
eff'sat, while not thoroughly deseribed yet by aryone, produces
a oold atroam on one side and-a hot stream op the other side,

DR, NOONAN: I am sure under nc sircumstences oould this .
have hn¥paned in our apparatus; somo of the runs were at . !
extremnely lov flow rates. :

THE CHAIRMAN: This will he our final question,

DR, HARRY H. 9ISLER (Ohio State University)s I think
that I should make some remarks about this. We hoped to pregent
a disousaion to this proup but 1t 41d not seem Just quite the
thing to do at the time.

I would llke to say, hovever, that the vork reported in

the paper which {ou quoted, Dootor, has been continued, and
the results obtalned have heen improved considerably to put it

g8 |. %
CONFIDENTIAL - o b

SECURITY INFORMATION

!

A PTA TR N Yt T RN IO I TR TR MY e

T R T . o
ST PR




o
N DL o T

CONFHDENTHAL

wildly, and that tae 30 percent yield i»s & very sasll figurc.

A8 I say, 1 wish that I could give mors intorwation but I
can't at this time, but that i not to be oconsidered something

tried and falled,

THE CHAIRMANG We uill look forvard to a oontribution from
you at sowe {future symposiunm,

It is time fur lunch. I want to thank tho purtieipants
of this morning's sossion, We will lLave a new ochairman this.

aftornoon,

ANTERNOON CESSION
2 February 1983

CHAIRMAN, DR, EUOENE LIZBER
¥. 8, NAVAL ORDNANCE TEYT STATION

Tho mooting should starv promptly. We have

THE CHAIRMAN:
The rirst speakey is

A larpe nunber of papers to aover.
scheduled Lo take off at 1400.

The next phase of our gonference oonceras itsslf with
"propertine of Hydrasine and Hydrusine Systoms," For the afters

noon gsetuion wo will conaider various phases of Thyniccl chemistry !

of hydrazine, chomioal prubloms, analytioal problems and safety

and handling and toxicity,

In arder to end the ufternoon session at o roadnnable period
for the number of papers and the disoussion ve ahould got ous
of thesa papers, and in fairness to all ot'thu.uﬁeakarn this
afternoon, 1 would suggest that each of tho speukers try to
restriot his own presentation to approximutoly fifteon winutes,
Dopending on the length of the dimaussion, we oan allow for a
plus or minua five minutes,

As 1n oup morning ssssion, we will present emsh group of
pupers, folloved Ly a digcusaion, We will otart off promptly.
The first paper is on the "Thermal Analysia of Rydrazine
Syatoms," & contribution from the Naval Ordnance Test Station,
by Jane M. Corooran, K. Ogimaochi, Howard ¥W. Xruse, S0l Skolaik,

and myself, 3ol Skolnik, as most of you know, s nov located
at the Naval Powder Imotory, Indian Head, Maryland. The paper
vill be preeented by Dr. Kruse. {
: _
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TRFPMAL ANALYSIS OF SOME HYDRAZINE SYSTENS
by

Jane M., Corsgran, K. Ogimaohi, Howard W, Xruse,

: 8ol Bkolnik and Eugene Lieher .
U. 8. Naval Ordnange Tegt Station, Inyokern C
Pronented by Dr. Hovard W. Xruse _ i

{

' ' §

IS X
el et

_ ABSTRACT

As a part of an investigation of low-fraezing fuel mixtures
containing hydranine.eghnue dingroma of a number of binary °
gystoms wvere detarmined. Thens 4{naluded hydpasine with aniline,
mothanol, cthanol n-prap{1 Aloohol, isopropyl alcohol,-allyl
aloohal, ropavgy{ aloohol, and B-nminotetrazole, The tornax
gyatem Nydragino nitrate-~water-hydrazine aluo wes inveatignt )
by moeans of thermal analysis and a phase diagram vas aonstrusted

from theea data,
INPRODUOTYON

During the past veveral years thore has been a groving 1
interost in the use of anhydrous hydragine as pooikket fuel. The i
favorable propertice which reocommend it are well known, Anong :
these are high apeaific impulse; low vapor pressupre, lov flame
luminoaity, and amokeloss exhaust, With commonly used oxidunts, : !
suoh am RFNA, WINA, or hydrogen pevoxido,hydrogen ignitos epon- .
taneously with a vary shoxrt ignition delay. .

In uolootinf any material for propellant use, however
various ghynioa proporties must bo taken into ooneidoration.
One of tho most important of these is the {roesing point,
ospocially when the fuel is to be suployed in packaged missiles, :
‘The potential employwont of a fuel in arctic reglons 'and in air- !
launched rookets requires that the material remain 1iquid down
to temperatures in the naighborhood of =65°F, Hydrazine, with
a frecaing point of 34.7°F, vould golidify under such conditions,
Thorefore, in order to extend the temperaturs range over whiah
hydreszine mu; be used, 1t 18 necvssary to add other matorials to
depross the Ironzing polnt. A part of tho work of the Jnorganio
Chomistry Branoh of the chemintri Division at NOTS ham Deen
dirooted tovard accomplishing this purpose,
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This {nvestigation has included a literature survey of
pravious vork on mixtures of hydragzine with additives, and
preliminury nurvey vork in the laboratory on additives not
stuldied bufore, A number of the more promising materials have
been inveatigated in some detail and the results of this work
are desoribed in this paper. The method employed vas that of -
thermal analysis, From the melting point-compoaition data
vhich were obtained, phase diegrams of these hydrazine eyatens -

vers oconstructed,
Maverisln . i

flydrnzing., Anhydrous hydrezine was used in all of the work

dosorised’ﬁere except vhere othervise indiocatsd, The anhydrous
hydrazine vas preoyured by dshydration of Alrmount commercial
hydrazino (951?. Three parts by weight of hydrasine ve. e added
to two parta of freghly fused potessium hyiroxide which had been
ground in a dosiccator box. After the mixturs had heen alloved
to stand for.two houra, the hydraszine wes distilled in an all-
glua‘ apparatus under 8 nitrogon atmosphere at A pressure of

0~80 =mm, HZ. In order to minimize the ¢xplosion hazard of
hydvasine distillation, nitrogen wap adwitted into tho syotem
baforo heating, and the flow was alloved to continue vntil the
apparatus had ocoled at the end of diatillation. A nufet{
ghleld was used Jduring the ontire uperation. Approximately
75 percent of tho hydrazsine was distilled from the mixture, If
ana {siu did not indicato nubstuntially complute dehydration,
distillation [rom fused potassium hydroxide was ropeated,
Analynis was mnd? ?y the dircot lodate mothod using ohloroform
ao an indisator ()| mydraszine purdflied in this wapnor analyzed
99.9¢ peroont N, and had a froesing point of 1.5290,

Anilive. Aniline, propered frouw aniline sullate, wag
puriifed by distillution in a nitrogen atmosphere at 60-80 mu,
prossure through & 3-foot column Eaukcd with glaso hellices,
Middle fractions were colleoted at & raflux ratio of 5i:1, The
combined material from osveral distillations was then fravtion=-
ated and middle fractions again oa&}ooteﬂ. The ?uriftod produot
had aovorraotivo index of 1.5860 5 and a freesing point of

~-6,00Y0,

Alcohols. Most of tho uwloohols vers puririe? ’coording
to proogdures given by Wolunbo:gor and Proskauer(2), Refrag-
tive indox and density were used to cheok the purity. Briefly,
the methods employed for cach aloohol vere an follows: A,.0.8,
Roagent-grade, apoetone~froe methanol vas distilled at atmos=
pheric pressure from magnesium, Absolute ethmpol was purified
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by distillation from freshly caleined ¢alcium oxide, For the
praparation of Yura propyl alochol, Eastaan White Isbel material
vas first diatillod from magnesium a1d lodine, The resulcing
product vas thon fractionated through a ¥-foot column packed

with 1/8-inch glass helices, Middle fractions were collested
and cuployed 1n tho work dosoribed here, Imopropyl alcochol vas
first refluxed with aluminum amalgam for four houra and thea
fractionated in the column used for n~propyl aloohol.: Allil -
aloohol vas given a protiminarifguririontion by fractiopation in
an 18+insh eolumn Ynokod with ~-inch glass holioes, Middle
isa0tions vers collectod and finally distilled fron freshl

dried potassium parbonats, Purifioation of propargyl alochol

wan aoffected by first dr{1n3 with wugnesium sulfate, The aloohol
vas then diatillcd from 1-2 percent sucoinio uoid through ap
18-1noh oolumn prokod with 1/8-inch helioss, Middle fraotiocns
from meveral hatohas wore collected and again fractionated.
Physinal constants of the preduct prepared in. this manner agreed
vwell vith thoos given in the literature, The f{reeaing point,
hovwever, wus slizhtly highor, & value of -51.570, btégg obtained
comparod to -51,8%0, reported by Henne and Oreeniee\d/,

All purification proceduras used for tho alaohols vere
carried out with suitable precautions to exclude moimture, Hub-
soquent operations omployed & dewincator box filled with an
atmoaphare of dry nitprogen,

§gve-A tyototrasole, The mono-hydrate of 5S-aminotetrasole
obtnined (rom Mal¥izount Ohemical Oom eny wam dried in an oven at
100Y0. tr romove tha water of hydration, The resulting produot

was then omployed without further purification.

Hydrasing Nitrate, Hydrasine nitrate was prepared by neutral-

ixatIon of Mirmoun drazine with frosh, colorloss C,P, nitris
acld. Both the hydrasine and the noid wede diluted by an equal
voight of fge before mixing vas storted. PFurther additions of
100 woro mado as necowsary in order to koep tho solution oool,
After noutralisation wag complete, part of the wator vas removed
b{ evaporabion at 80-90°C. on a hot glata. The solution was then
placed 1n a filter flask, conncoted to a water aspirator, and
svaporated at 68-720. b{ immersion in a vater bath, A slaw
stream of nitrogon was alloved to bubble through the solution

to hantoen evaporation, When evaporation had censed, the result-
inf syrupy yolution wna cooled in an ioce bath with constant
utirring., Aftor oristnllizatlon had begun, absolute methanol
was added in suffioclent quantity t6 givo a smooth slurry when

the mixture had cooled, The orystals werc then filtersd on o
sintered glasa filter, wvashed threes times with udsolute methanol,
and alloved t¢ renaip on che filter until most of the methanol
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had besn rsmoved bY suction, After alp-drying, the hydrazine
nitraso wos given a final upying of 6-8 hours in & vacuum oven

at 5090, Analysia for hydrasine by the direat iodate method
indicated 33.05 porcont NoHy; the theoretical valus is 33.71 pere

oent.,

&2&!‘&1‘:\!.

Mreesing and wolting points of most of the pure compounds -
and mixturea were detormined in cells of tho type shown in
Fgure 1, Tvn sizes vore enployed. The larger sisze, used fopr
study of the firmt three systens was conatructed of 2% mm Pyrex
tubing and the main bod{ of tho oell was 120 mm long., TLater it -
was found thiat a slightly mmaller ooll oould be handled more .
rondily, and cthat it van oasier to abtajn & mosth slurry of
oryutuin. The vemainder of the systems was, thurefore, studied
using the amaller cell. The main body of this ocell vas cone
atructed of 20 mm Pyrox tubing and was 110 mm long, A thermn-
gouple well vas insortod through one of the two standard«taper .
éointa ih Mo tops Tho other oponing was used for introduain

he coviune ty and was closed with & ostandard-taper plug, BStir-
ring of “he mixturos dur;ng frossing and molting wus accomplished
by means ou A solenoid aating intermittently on the iron bar
nealad into the ugper ond of tle spiral glass atirver., The .
current to thu solonoid van interrupted by a multivibrater
oirouit. Ip order to provide alow, uhiform changes in tempera=
ture when the cell was imuerysd in ocooling o worming baths, it
vou glaood in the cloar~glass Devar flask ghown in the figure,
The temperature in tho ooll was meamured with a oalibrat
gopper-oonatantan thermogoupls inssrted into the well, whioh
sontadined nepropyl alochol as a thermal condudting mo&ium. The
thertiocouple potontial vas oontinuounly recorded on reooprding
potentiometers with the exception of the vork on the hydrasine-
ethanol nystem. In the work on this ;zntnm the thermogouple
potential way moasurod with a Teeds and Northrup Portable
Prooision Patentiomoter, Taemperature 4in the systeus of hydra=-
sine with methanol, allyl ulochol and hydrasine nitrate and
vator, voro raecordsd on a Lesds and Nor hrug T{po G Speedomax
reoorder, A low-lsvel amplifier specially designed for vork

of thiws t{po vay employed. This made it posaidble to vary the
ohayrt soale on tho Specdomax from 50 to 2000 miorovolts, 1IN
most of the vork the 200-miorovolt scale vas uwed, making it
posnible to read thermocouple potwntials to 1 wicrovolt., Thermo=
oouﬁlo potantiale during melting in the systems of hydrazine
wit propzl aloohol, 1|o€rop 1 aloohol proparg{l aloohol, and
S-aminotetrazolo vere determined on a ﬁrovn Elektronik recording
potentiomot-er having a one millivolt ohart acale.
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‘Taeds and Noithrup portable Procinion potentiometers vere
used (& tero-pnint supprassors for both the Speedomax and Brovn

Blektronik recsrding potontiometors,
Procadury for Melting Points and Preezing Points

The mixtures of hydrazine wvith the various additives used in
this study were propared directly in the freeeing point ocell,
uping ap apalytical balance, Compositions vere ca culated fronm
tho voirhts thus obta.ped, For the oxperimentn omploying
purifivd materisls, the components were added to the ¢ell vhile
‘1t wus in the desiccator box. The commercial materials wede
handled in aiw, . -

Attompts to determine freesing pointe of mixtures of hydras=
sine vith most of the additlves were unsatisfactery. Supercool=
ing took place to such an extent that reproducible rroasinﬁ
points oould not be determined, Therelore almost &ll of the
the »mal analysls data presented in this report wora obtained
from warming curven, s prodedure consisted of freezing the
mixturs vith constant stirring and noting tho approximate .
froosing poirt. Tho oell assoubly was tlien placod .in & varm-
ing bath which vas & fow dogrees ahove the rreosinﬁ peint, and
tho . temperature wan allowyd to rise, A varming rato of 0,1 =
0.2Y0, por minute van obtained. 3tirring of the mixture was
continued until the malting point vow pansed, Thism prooeduve
gava warmlni ourveg vhioh wers reproducible, and 'yom whioh both
outeotio go nts and points on the liquidus {1ne oould be
doterminad readily., In some cfwes, howevor, eggeoinlly during
the varlngurt of this wstudy, data wers obtained from coolin
curven. aro thim pethod vaw ewployed, it is indloated in the
disoussion, , -

RESVIZA AND DISCUSIIUN

A phase dlugrum. plotted from thormal analysis data, of the
oystom aniline-hydranine is shown in FiTuro 2, The temporatura-
oomponition diagram indicatos that anilline and hydrasine form a

simplo eutootlo syutem. The mixture with minimuwm freexing point,

that of tho auteobic aowposition, contains 38 golo percont (17.3
watght peroentz hydrasine and freoses at «35,590, Although a
fuol naving this raeling point may not be suitable for axtrene
temperaturs conditions, the wolting point of the mixture ahove

dofinite improvomont over Euro aniline, The possibility of lower-

ing the froexing point further b{ addition of a third component
may poonibly merit further investigation, :

Because of the gonoral avanilability of the lower aloohols, a
nurmbor of binary systems of these waterials with hydrasine were
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investigated,
Melting point-composition data for the system hydrasine-

. methanol are plotted in the phase dlagram given in Pigure 3.

Thres addition ocompounds, Nglly+CH30H, NoHy.2CH30H, &
NpHy*UCH;0H are found. Melting pdints of these sompounds are
-47,3%0., -57.8%¢,, and -69.5°0,, rospeutively, The two eutecties
zolt at -60.0°C., and -1009C. The compound N,H, «CHA0H exhibits
an incongruent melting point; its existenve was established by
{ynlation and analysis of the solid phase separating from &
conled mixture containing 59.4 Yeroenb methanol. Over the rangs
of 55 = 69 nole pervent methanol, two ourvea were obtained in
the phase diagram, Pointe on the lower curves were found when
the mixtures were melted imrediately after freesing. When the
frozen mixtured wepe aliowed to stund for tubee or 1o1re hours,
points vere obtained on the uppsr liquidus line., Becau.e &
phage dlagram of this type oould also represent 4 transformation
in the solid state, un analysis of tho solid phave vus made teo
ovstablish doriniuoiy the existence of & oompound, The uppuwe
ligquidus linu, tlherefonve, reprewents a stoable equilibrium )
botwoen liquié and aolid phases while the lover ourve iniontol
a metantable equilibrium. Above a temperature of ~47.370., the
compound NEI%-OH Ol oannct oxlat, but decomposes into msolid

nd nietlunel, Beoause of the slow formation of thim
oopound, equilibrium was not alwvays reachod bofore tho mixtures
woro malénd, and points on the eutsotio line between NoHy:OH30H
and Naﬂn-20H30H wore found for mixtures containing less than™i0

mothunol,

Tho phass diapram for the aystem hydraszine~othanol was
determined largely from freezing points vbtainsd frowm ocooling
ourves, ‘Thono data are plotted in fMgure 4, This syatom lorma
ons addition gompound, NoH) *20,H-0H, which hus a melting point of
=31,290, The outeotioc between h¥drusine and_this compound contains
55 mole porsont othanol and freosew at =33,7°C., The euteobio
LDotwosn othanol and the compound, which cogtlinu approximately
98 wole peroent ethancl, freeses at ~-117.3°0, Hixtures containing
more than 90 wole goroant ethanol exhibited suoch exceasive
ou urooolinf that data in this vegion of Lhe phase diagram vere
obtained only with great difficul { from cooling ocurves., The
usual mothods for inducing orystallisation, suoh as produoing
oold spots on tho froesing-point cell, were ineffeotive.

Both of these systems shoved a drifting of the outectic line
tovard lover temporatures as the mixtures became richer in
hydrusine. Thia behavior was probably due to the frequent use
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| . of zoeling curves for detersinatian of the golidification poimt

of the sutectic and to thu supercooling vhich vus alvays obverved.
An the uixtures vecame richer in hydrazine, very little of the
euteotic mixturs was left when [inal solidification took plage,
and the swall thoermal effect was Iinsufficlent to componsate for
the supercoaling, Por the u%stem hydrazine-muthanol, no reliable
data could bs ohtained for the eutectic betveen the guupounds
“234'203303 ard uznu-kCB3OH.

! The vork on both of these systems vae carried out using
: subatantially anhydrous materials, In actual practice scmmercial
: products containing small amounts of vater would be employed,
b ! For this reason & portion of the ternary system hydrazine- :
mothanoi-vater vag investigated. Three series of experiments . .
vers mide 1ip which tho ratio of hydrazine to vater was held ' _
. conatant and tho awount of added methanol was varied, The con- S
b centrations of queous hydrazine solutions erployed were 36,2,
o 90.1, and 84,5 pyreent. Absolute methonol was sdded in incre~
, f moents to theno golutious end melting points wero determined. The
L " data are plotted i{n Figura 8, Although addition of vater gave

| better freesing-point depression thap with wmethanol alens,

exoesaive dilution of the hydrazino vith both water and methanol

vas required to reach lov f'vrosrzing pointe.

| )
: The system hylrazine-n-propyl alovhol resembles the hydra=-
i zine~sthunol system in exhibiting ono fairly weuk addition
! oompound, Nyl +203HyOH (Figure 6?. This oompound melts at -41,370.
1 and tho eutectis uZwaon hydrazine and the ¢ompound wmelts at ;
! -42,490, Attempts to fresze mixtures containing more than 94,8
! percent n-propyl alochol were unsuccesstul. Gloszes vere formed _
| in this reglon and pelting points of the mixtures could not de ) '
! obtained, TInvestigatioen of the system hydrazine-isopropyl ‘
l aloohol ulso indilodted the formation of a 1:2 addition eompound.
L A pwvoond inflection in the liquidus curve, however, was observed,
-I It lia3s not yet besn dotermined whethor this inflection in the
] cusve represente un inverse peritectioc or is due to formation
f of A mecond compound. Pecauss of the hilgh viacosity of the
mixtures at temperatures in the neighborhood of 75 O., efforts
! golinolate ard analy2o the solid phase have not yet been sucoess-
} Ul .
{
!

Hydrasine and allyl aleohol also rosm a 1:2 addition compound
(rFigure 7). Thio compound melts at -68°C, The eutestic mixture
of hydrazino and compound contains 62 mols percent allyl aloohol
and solldifles at ~63°C, At concentrations of more than 90 mole
! porcent allyl alcohol a series of glassus were formed when the
I mixtures vere cnoled, These mixtures did not ovystallize even
on atanding for long periods at low temperaturea and efforts to
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me dmu aa Weew VUV ALY GULYR falonten B eaLectic boewvsen S,a0
112 addition_compound and allyl aloohol vhich froze &t approxe
ipately -130°C, The composition of the eutectic mixture lies
betveen 90 and 100 porcent allyl alcohol,

Melting point-composition data for the system hydrasine~
propargyl alcohol are plotted in Figure 8. The phase diagram
‘ndicaten the existonow of tvo addition compounds,

N, H, -HG“:EC-C:‘!&OH and ﬂaﬂ,.-QHC:-—"_C-CH OH, having moltling points
o? ~48,0°0, and .54.2%7, respectively, The 3utootia botvesn
hydrvazine and tho l:1 eompound melts at -49.2°90, ovhilo the
ocutectic between the tve dompounds melts at -5 .6 Ce 'The third

suteotic melts at approximately »73,59C, 1In this region a great -

deal of difficulty vas expertenced in determining melting polnts
because of the tandency of the mixtures to form glasses, In
many casen three to four days of holding the solutions at low
temparaturos vere required to obtain orystallisation, When
mixtures having coumpoaitions .in this region vers melted, the
points did not acnsistently fail on a smooth curve, The data,
therefore, have some degreoo of ungertalnty and part of the
curve is indicated wvith a dotted line. 1In the drea beiov the
111 addition compound & moetastable portion of the aystem waa
found, The liquidus and euteotic lines for this region vhich
are shown in ¥Figure 8 vere cbtained when tho mixtures wore
frogen and thon molted immedintely. If tha froswvu solutions
ware allowed to stand for a period of time, warming ourves gave

points on the upper stable liquidus ocurve. In o fav cases points.

were found on both tho stable and metastable ourves. The metae
stable uuteotis between hydrasine and the 1:2 addition compound
melts at -69,5%

Proparail aloohol exhibites a stronger combining tendency
With hydraxine than any of the other alochols which have besn
investigated, A definite, though wenk, 1:1 addition compound-
ia formed betveen hydrarine and propargyl alochol, Such a
oompound does not form betwveen hydrarine and othanol, n-progyl
aloohol, tsopropyl alochol, or allyl aloochol. Although with ;
mothnno{ & 11l ocompound 1is formed, this vaempound 1s extramely
unstable, and has anr incongruent melting foint, 1,e,, the
anwpound desomposes before the m¢1t1n§ point is reached., Pro-
parggl alachol, like the other aloohols studied, aleo forms

8 132 addition compound, The maxima 4n the liquidus ourves of
this system are sharper, hovever, indicating greater atability

of the addition compounds,
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rrem tiase experluents aro platted in Figurs 9, Tho shape of the
liquidua curve {s nimilar to that obtained with purified materials
but molting points ave gomawhat lovar, Thus, the first cuteotio
molts at -51,0°9C, instead of =49,2°C, This mixture contains 55
velight pevcent propargyl alcohol and the melting point clonely
approaches the tomperature of -65°F, currently specified for rocket
applioationa. Bacaune of compound formatlion, ruch larger amounts

of the alachol must be added to depress further the freesing -

point. In the rogion of the thisd eutectic, Formation of glaswes
;gnigttgotdpluoc and data for this part of the ourve cvuld not
e obtain . '

Inasmuch ags propargzl alachol 1s a po.entially userul rooket.
fuel, further wvork on other proparties of mixtures of this
material with hydrasine may prove to be profitable,

Fivo-aminotetrazole, because of ita acidio properties, gave
& rapid depression of tho froezing point of vomueraisl hydraszine,
This systom was difficult to study, however, Lecause of the
tendency of the mixtures to form glasses., Molting points vers
doetormined over the rango 0 - 35.0 psrcent S-aminotetratcole, The
suteotic ocomposed of hydrasine and the hytiruzina aalt of 5-amino~
tetrazole molted at -35.8%C, and contu!ined 32.8 poreant hydrasine,

* Bocauno the melting neint of the outsotic was not as luw as was
desjvred, further work ¢n this system was not ocarried out, Melting .

polnt-couporition data (weight percent) [or this aystem ave
plotted in Figure 10,

A fairly extensivo investigation of the system hydraszine .
nitpato=wator-hydvagine vas mude by thormal analysis methods. In
ordar to flot the complete ternary diagram, thernal analysis data
vare roquired oh a numbar of ternary mixtures, and on the three
binary systeme making up the sides of the triangular diagram,
Those binar{ systems were hydrazine nitrate-hydraszine, hydrasine.
vater, and liydraaine nitrate-water, - .

Melting point-composition data for the synten hydrasine
nitrate-hydrazine are shown in Figure '1, The fhnlo 1iegranm
indicates the oxistence ol cne oompound, hydeasine nltrata
1-hydrasinate (N,Hsnoa.w?ﬂ,,), molting at 3,0°0, The first
sutootic molts af 216d9,%nd contains 47,98 perocent hydrazine
nitrate, Tho cubectic between the compound and pure salt
contains 79 poroent hydrazine nitrate and solidifies at 2.590,
The melting point of hydrazine nitrate, as determined in this
Laboratory, was 70.79C,
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gond u?g cuont with theue of Kohr unrlJA:ldriuch“) amt H{11l and
Summer S. The data glven in theso papevs, thorofore, vero used

in plotting the phase disgram given in this report,

Work on the syatem hydrazine nitrato-vator also has boon(T’
reported previously, A phase diagram worked out by Somishin
{ndiousep that these compounds form & simple cutwotic system.
Mol:inf point comnosltion data daturminod during the present
invontigation differ slightly from thoae given by Semiahin over
the range 0 - 70 peroant hydrasine nitrate, Data at higher
concontrations sae in fairly good ‘agrsement, Molting poinge
composition data from both studies are plotted in Figure 12,

Points inside the tevnary diagvram wepe obtained from thermal
apulynis data op threo-component mixturss. In wmont of the vork
the ratio of hydragzine to water vas held constant and the aaount
of sslt vas varied, [rom these resultn, plane-scotion diagrams
vare conntruoted in vhish molting points vere plottod agsinwt
pornent of hydrazine nitrato, Other plane-mection diagrams vere
conastructed from datu obtained from & peries of mixtures in vhich
the ratie of hydrasine to salt was hold constant annd the umount
of vater was variasd, In a third serios of mixtures the ratio of
wator to hydrarine nitrate vas hold oonstant and the amount of
hydrazine vas varied. Date for plotting tho lwotherus on the
triangular diugram were token at five-degrap inturvals t'rom the
plane-seotion diagrams thus detormined, The ternary diagrax is
shown in ®igure 13, A photograph of & three-dimvusional model
of this aystem 1s ohown in Figure 1%,

Tha phase diagram shove four invariant points vhioh are tvwo
ternary outeotios, & tecnary periteotio, and the solidification
g;énb of ths quasi-binnrg pyatem hydvagine nitrate l-hydrasinate-

rozine hydrate., At the ternory peritootic the reaction

Melt + NoHgNO3 2 NaHgNO3 Nolly + Ha0

talkon ¥Inuo. Mixtures having compositions in tho partial -
triangle bounded by hydrazine nitrate l-h{drnninute, hydrasine
nitrate, and vater oomplete theix solidifloation op cooling at
the Loroayy peritoutio point (=5590,). Cooled mixtures having
composiltions 1in the triangle bounded by hydraxine nitrate
1~hydrarinate, the peritectie point, and watoer, have melt
renuining vhen the poritectic tempsrature is reached., The
oomposition then proceeds down the line to the ternary enteotio
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composed of hydrasine rate, hydrasine nitrate l-hydragzinate,
and vater, ue’dvnun ?’n: oomplete solidifiomtion ¢ 78' plaoe,
The temperature of this eutectio ie approaimtolx,-& C. Porma-
tion of glasey mixtureas in this reogion made the determination

of acourate melting points almost Lgoumo. Mixtures in the
rempinder of the 4 nsn- belave In the unoomplicated manner of

& simple ternary system,

Ocmpositions in the vegion of the ternary sutectic am:.ned
of hydrasine, ranine nitrate l-hydraginate, and hydrasine
hydrats are of the most interest for fusl ‘pphuuono. The
breaks in the wvamuing ocurves of mixtures uuroehn eutwotio
indicate a melting point of approximately -6470, In this regiod
& pumber of low-freesing mixtures %bo formulated which ovntain
appreoiadle amounts of resine, aydraaine pit>ate sopnosn-
tration uz be varied from 15 - 30 percent, and the water content
;r:: 'Lg -sogoporoont to give solutions freexing in the neighbor-

o0od of = .

As & part of an investigation of lovefreesing fuel mixtures
oontunln, hydrasine, zhno diagrens vere deterained for Dimary
l{ltﬂl of hydrazine with apiline, methanol, ethanol, q,- 1
aloohol, isapropyl aloohol, allyl aloohol, propargyl aloohol, and
S-aminotetrasole, The ternary system hydrasine nitrete-water-
hydrazine also was investigated,

Aniline and hydrasine form a -1-21. sutectic aystem, The
sutectio wmixture ocontains 17,3 veight percent hydresine and
freeses at -35,6°0,

rasine and methanol form th‘u addition ¢ unds,
NyE, +ON4OR, NoH,-20R,0N, and NoHy e claoll. ‘0 latter tvo melt
at -57.8%, and -69.890,, vespevtively, The ocompound

N N, «ON,0R has an inoongruent melting point and does Dot exist
above =47,3%,

A partial investigation of the ternary systes rsine-
methanol-vater vas ocarried out in the ragine-rioh region of
this systes, Oonsiderable dilution of the hydrasino wvas required
to prepsre luel mixtures Maving low freesiag pointe.

Bthanol, p-propyl aleohol, isopropyl alechol amd rllyl
aloobol all r!'ndp;ut udnion oon:gu,mdn vith Mnunz oup -
taining tvo moles of alookol per mole of resine, In all
oases the liguidue curve vas not steep, And lov-freexing oompo-
sitions contained largs amounts of the aloohol.
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The system hydrasine-propargyl aloohol was studled uwsing
both purl%tod an ommfn":. erials. The phase diagraa
indlontes the formation of 1:1 and 1:3 addition o unde. The
optimuz fuel mixture for this system from commeroial materials
appears t0 be one containing 55 weight percent prog:vf:l algohol
ana hninf [ 3 trnung goint of -51,0°, Because b 1l eddicion
oompound ie fairly stable, hovever, much hrg«r amoynts of the
;;gohok are required to depress further the freexsing point of
rasine,

. dtable compound foruation occurs letween hydraszine and
He-aminotetrasole, and the liquidus ourve of the phase diegram
therefore, desoends ﬂpldlg. The eutectio on the hydrasine -ide
of the system ocnbaénl 32.8 veight garunt S<aminotetrasclo and
polidifses at -36,890, vhen the mixture is prepared from commercial
materials,

The phase diagram of the ternary aystem hydraxine nitrate-
wutor-hygruina shovas the sxisterace of tvo ternary euteotiss and
one ternary Ecritoouo. Th tha vagion of the ternary euteotio
composed of hydrasine, hydvarine n t.!.-uo-l-h% rerinete, and
hydrasine hydrate, lov«{rensing mixtures (~%0°0.) anontaining
apprecisble smounta of hydragiiio may de [ormulated,
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FasLILUAL ASPECTS OF AN GUINMAL LICOMEGIITION
U LIGUID KYDIALINE USED A% A\ REOENERATIVH COOQLANT

P by

David M, Mason
Jet Propulesion Laboratory
California Institute of Technology

Abasract

' ! The thermal decomposition of hydrazine restricis the con=-
ditions under which this compound gan be uped as & regonerative
coclunt, It wvas necesaary to ontain enginearing data on tho
! behavior of hydrazine at elavated teupernturos se as to find
! ' the conditions that minir&zo thias troublesomn dagouponition,
Por this purpose & study* of the rate of thermsl decomposition
of comumerelal liquid hydrazino has heen mude in the teupsrature
range lrom 120 to S00°F by a meanurdmonrt of the rate of
prassure risu with time in olosed prossurs veasalns aentalning
i hydrszine, Thore 1s ovidoncs that both gaue and liquld-phase
’ docomponition ccceur, although under tha conditions of the
: prosent touta the rate-controlling reactlon appears to be-a
! hetorogeneous gos-phase reaction, The sachsalum of the de--
) asomposition proceys has pot been vstebliahed in the onglaeering
touts, Tho oatialyllc vffuci on tha rato ol decompooition of
various surfacen likely to be encountuored in nrastioal appllca-
tions waa tested, Olass, steels 102C and #130, atainloss
ataela 303-A, 304, 347, and 502, iron, copper, and alumitam
28-0 end 248-13, with various murface osnditions, wero anopg
the materdals teated, It wos found thot sadmium ploting of the
uetal surfaco, wvhen 0.5 te 1.0 weight por cent of cadmium
acetate vas dissolved in the li%uid Liydraaine, has a muorlred
iohibiting effect i the rate of therwmol deoomposision, Tusts
. or' roskul motors employing hydrigine as a vegeberative coolant
, wvere made with fuming nitric aocid as an oxidant,

[

lrngs pajer preaonts the results of one phase of iesuvarsh
oarried out at the Jet Propulnion Lsboratory, Californis
Institute of Uechnology, under Contract No, ﬁA-OH-#QSuOrd 18,
sponsored bty the Dopartment of the Army, Ordnance Corps,
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In rocket moters it is desirable to ohiain an increane in
thermedynamic officiency by uaing the liquid-propellant stream
an the coolant which 1s required for the motor, Where iighly
corrnsive liquids such as funing nitric acid are employed as
oxidants, it way be more practical to use the loas corrosive
Jiquid fuel in this procass of regenerative ooounz. Wwith
hydrazine, howevey, regenorative cooling is subjmot to limita-

tiono dus to the inNerent thermal instability o this compound.

nnginnring testsl werv nmade of the rate of change of preassure
vith time in liquid hydrazine contained in olcsed stainlens-
steal vesaels under Lsothormel cenditions in the temperature
fan;e 120 to 500°0; also rosket motora vere tasted with
vegrmerative cooling using hydragsine. Under these conditiona
the overall resotion appesrs to be desoribed by & combinstion
At LW gopatato atolshiometslo expressions:

INpRy— BNHs + Ny (1)

Nl Ny 4 £l _ (2)
Cumininé Equatioas (1) and {B)

{3+ x) NpHy—= 8¥H5 4 (1 + x) Wy + 2xfp (3)

vhero x "t'”“"“ nunber of wles cf hgdrasine vihieh deaonpose
ageo. ding te Eyuation (2) ¢ » 3 woles of hydreasine vhieh
dece. gwe - pavording to Equstion (1).

¥ig'w and Taylor (Of. Her, 1) and Askey (Cf. Ref, 2)
12 LUT T thernal decowponition i1 the vapor phase in the
reosense ~Ff pach of the folluving materials: Pyves, platinam,
amd tunget-é, snd found that 4 haterjgensous renstiosn, first
oriar with sespect to MpHy, caeurred in the presence of g:zl o,
yledng only lm-‘, und Ny &x preducts aouorcu“ to Rquation 1’-

tho promnn 3 of plﬂttmul and tungsten, , Mz

products mo that both reactions (1) and (2) Becurred to soms
extenit. BDavaprs (Of. luf. 3) attompted to messure the hemo-
¢onecus pass<phsae, rirst-erder ruaation in the presense ef
toluene vaper and found under thess conditlons &n sotivation
suargy of GO koal fmol far tha reaation, Henratty et al (0f. -
Ruf, 3 found that & hete:ogoneous gas-phase reaction on glans
proseeded by a first-order machanism with an activetion em: rgy

1 his work vas performed at the Jet Propulsion Laboretory by
%ntgon Briglio, J»,, A, F. Qrant, Jr,, D, N, Griffin, and
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of 1hH.7 nng 9.5 kcal/mol for surface-to-volume ratios of 2.5
and 18 om~i, respectively. Tantar (Cf. Ref, 5), Purgotti

(0f. Rer. 6’, and Qutbier (Cf, Ref. 7) studied. the decomposition
of hydrazine in the liquid phase under various conditions,
Kinotic mechanisms for the thermal-decomposition reaction are
described in References 1 through 7. An excellent survey of

the ohemistry of hydrazine is given by Audrieth and Ogg (ce.

Ref., 8)-

Eguipwont and Methods

Btainleas steel, type 347 containing approximately 18
per cont by weight shromiua and 8 per cent by weight nlokel
vas used as the material of conastruction for the oylindrioni
pressuro vessels used in the engineering tests, Cylindrioal
vassels of two sizes, 20 end 36 ml, vere used ‘n the tests. The
ratio of the surface of the cylindrioal !onnol to the voluae of
1iquid contained vas about I4 and 10 cm~l for the 20- and 36-ml
bombs, respectively. To determine the specifio catalytio
efraoi of other solid materials, pleces of the partioular
meterial to be tested were added %o the boah, In some cases
ths material vas lmwersed in the liquid phase; in other ousses
the material wvas exposed to the gao phase, Preasure was
measured by monns of a conventional Bourdon<typo gage. Pressure
from the teat system was transmitted to the prosuure gage by
oapillary tubing filled with wmineral oil, A pressure-relesse
disk was provided in the nydraullo uyatem in case an explosive
rate of decomposition was sncountered., The capillary tubing ves
Joinoed at the top of the prensure vessel b{ means of an appro-
priate fitting.. The eatire tubing was filled with oil, care
being taken to avoid contaminating the vessel with oil.

To koop the vessel and its contents at conatant tempera~
ture, a bath f1lled with a lov-melting alloy, Cerobend, was
used at elevated temperatures, and an oll beeh vas used at lov
temperatures. Sultable heatera and control oircuits were used
Y0 daintain isotherusl oonditions to within plus or minus 598
in the bath. A thermoooupls wams placed in & thormocouple vell
pade of atainluas-ateol tubing type 347, loonted inside the
pressure vessel for the purpose of measuring tho cemperature
of the contentns of the vessel.

The bomb was r£illed at room tewmperaturs to csuch a level
with oomferoial liquid hydrasine that the desired ullage
resultedl, The primary impurity of this material vas J to

1the term ullage ref'urs to the total volume of the gas phase
relative to the total volums of the system and in this paper
is expressed in per cent, 118
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% per dent water vith traces of amuonia present. The hydreulie g
1ines vere then attached to the veassel at Atmospherie pressure,

The vessel and its contents vere lamarsed in the preheated
constant-temperature bath, Pressure readings were recorded ag

& functlon of time, the orlgin for the tiae ocoordinate being

taken vhan the temperature indicated by the thermosouple Co

inaids tho vassel ngpronohnd that of the surrounding . .
Pressure messurements with & precision of about 1 per cent vere

wade up to 2000 psia before being discontinued,

The atofchiometry of the resotion vas quantitatively o
teatod from the voluaetrio behavlor of the produats in the gas
pnase, and it agro;ru that resotion (2) cocurs to soma extent
under the conditions of the experimsanta, Only the pressure in
the system (not the coumpo:iilon) was measured a&s & funoction of
time; thus no mmohanism ior the kineties ocun be offered from
thowe experiments vithout resorting to certain sasumptions, '
Measurementa wers made over & vide range of temperaturea se !
that an apparant activation energy for the reaotion gould be .
obtained, 1t vas assuned that physical equilibrium between .
the phasos was eptablished rapidly with respect to the rats of . '
therzal deoompoaltion, Possible dif'ferences in the nolubllities
of the geseous products in the liquid phase dus to ohanges in
conditiens of the exporimonts were not compensated in the
raported rates of prossure rise.

Couventlonal rocket-motor tests vers performed using
hydraxine as & rogsnerative coolant, Fuuwing nitriv naid
oontainin? 6% welght per cent N0, was used as #n oxidant, - .
Details of the rooket-motor inastdllation are presented in '
Reference 9, . '

flesylts : _

In Figure 1 are show'. typioal ourves of pressurs &8s &
function of time for meveral temperatures in tha range 375 to
490°F fur a stainless-strel type 347 bomd with oleansd surface.
Those measursments vere sade at an ullage of about 50 per eent.
In another ant of saparate messuremsents the ullage vas varied
hatwosn 20 and 80 for cent at about 3759P, and theve vas no
moanmvible changs in the rate of initial pressure rise vith
tims, Theno results suggest that hydrasine decomposition
oscurs predomingntly in gas phase, With p:gaioll equilibrium
conltuntli provailing betwoen the phases, the partisl pressure
of hydrazine in the gar phase is relatively constant irrespecsive
of ullags, It would, therefore, be expocted that the rate of

— -
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) decompnsition in the gas phase would be independent of ullago,
' &3 appears to be the case, On the cther hand, if decomponition
of hydrazine in the 1iquid phase vere predominant, 1t would be
exnactad that the rate of preasure rise wvith tike in the systenm
vould be proportional to tha relative amount of liquid phase
resent and vould decrease with an lnsoreases in ullags, Such
EuhAvlor vas not maasurable, and tharefors it appacra in the
) pregent set of measurements that the gas-phase degomposition 18
- ! eontrolling, . .

In Figure 2 are plotted on & logarithmic sgale valuus of
X i dp/dt, the initial rate of .change of pressure vith time vs the
o ) rooiprooal of the abaolute tewparature over the approximate )
- 1 temparature range 300 to 500°F, One set of these moasuremsnts !
I vas made in the stainless-sleel type JHT vessel, The other . l
; sot vans mado iu u stainlesn-steel bonb vhich vas plated with i
o cadniun, and 0.5 voight percent cadmium acetate vas addad to the !
{ . hydragine, Thwse rate data, plotted in Figure 2, are obtained
b{ toaking the initial alopes of curves such es those shown in
Mlgurs 1. It 4in evident from the data 17 Plgure 2 that &
linsar relationahip oxilats bytveon.ln(df dt) and the reaiproocal
of the absoluta temporature. Huch & relationship is in aoccord
with the Arvhenius expresasion for the effect of temperature on
) renction vates and also L8 In acoord with the Clausiuse
o ' . Olapayron equation for the effeat of temperature on vapor
) resanre. The slepes ol the lines in Figure 2 give an energy
ot vhich ineludes the heat of vaporization of hydrasine
asoording to the Olausius-0lapsyron equution if the gas-~phase
renation 4s contrelling. ¥rom the slope of Figurs 2, the
oporgy toms has & valy: of 18,2 koal /ol for the unpiutod
| ' vonrel and 25,8 koul, wol for the cadmium-plated vessel, . abe
truoting from thesea values the latent heat of vaporisation for
hydrasine at 113,5°C of 10 keal/mol (Of, Ref. 8) assumed to be
conatant over the temperature range covered in Figurs 2, one
obtainy 8,2 and 15,3 koal/mol for the onergy of aotivution
without and with cadmiunm, Tenpeotivelg. The effect of ondmium
on the syastom thus in to raine the activation onorai. These
. valuen of the notivation ensrgy for a surface-to-volume ratio
af 14 ocw=l are in the same range as the data of Hanratty et sl
s (0f. Raf. 4), previously montioned,

| The oatalytio efrfeoct of variocus surfaces on the deoonposi-
tion of hydrorine is depicted in Table I, The initial pressure
rise with time dp/dt ts given for temfurtturvu-in the proximity
of 4OMOF, In tho ocodlumn marked R, values of the relative rate
of' change of pressure with time por square inch of surface of
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degignated materlal added to the ges phase are tabulated, %o
oaleulate valuess of R “he value of dp/dt for hydrarine in the
atainlsgs-steel typs 347 vessal without added material is
subtracted from the overall rate cbasrved in the prosence of
added materisl, and the resulttng net value of rato of pressure
rige in divido& by the area of the surface of added waterisl
exposed, In the eolurn marked R/R;, values of the relative
pressure rise por unit tima pey unft area for varivus materials
relative to. glass, R, « 2,94 pst/min esq 4in,, are given. It is
evident from a com §1uon of tests 11, 14 -iS, 18, 20, 22, amd
25 vith tests 10, 13, 17, 19, 21, and’2h in Table'I that the

1=ud aurfaces cainzyao the Jdeocoumposition - .
reaction moro extensively than do ketals with clean ynoxidized
yurfaces, Aluninua alloys and copper appéar to catoelyse the
renction leas than do tho steel alloys, oxoeet atainines atedls
tgpan 303-A and 304, vhich catalysze the reaction to approximately
the same dogree as do slwninum alloys snd copper.

It 19 evident from teste 6 and 7 in Table I that %ho rate
of thermal decompesitliun ¢f hydrasine in markedly inhibited
eithor by eadrium plating of tho surface of the pressute vessel
or by the precencs of cadmiwn hydroxide dirsoived in the liquid
phase of hydrarine, %hs effect of codwium plating of the
vedssl and of the addition of cadmium acetate to the eolution
40 shown 4n Pigures 2 cad 3. In Figure 3 is shown quantitatively
the offvet of various amennts of Gd Rdlg + 2Ha0 an an additive
£0 hydrasine on the rate of preasure rise st ¥559¢ in the
stalnless-ateol tygo 247 teat vesmal, It in seen that from
0.5 to 1,0 per cent by velpght of andmiun acetats hydrate
ortootiunlzglovora the initial dacompomition rate about twelve
fold over the rate vhan no additive is presont, 'The moohanism
by vhich eadmium, either in solution or plated on the vessel
vall, acte 42 an inaibitor ham not been established,

Tctrlothzl lead, lead scutate, und liquid moraurs vere
added in quantitien of about 25 gm/liter .to the 1iquid phase

and nons of these additives measurably affected the dcoompouition.
Ha80y and XOH added to the liguid hase appear to catalyze the
decompoaition, To lover the freezing point of hydrarine, nitrie
sold 1a sowetlines adde? to give hydrasine nitrate, In Ficuro ]
is shovn tho denomposition rute as a funotion of veight per

osnt Hnoi foxr hydrazine containing 0.5 welght per ocent cadmium
aootate Btered at 120°P, The effect of HN ? in inoressing the
decomposition rata precludes the prosence of this additive in
hydrasine used for rogenerative oooling. The efreot of added

H0 on the rete of decoaposition at 4500F 1is also shown 4n
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Figure 4, and 1t is evident that 50 inhibits this rate alightly.
HC1 is found to catslyze the decompoaition more markedly then

do the other aolds, and this bohavior suggests that chloride

is a specific cuthfyut. Arom teat 8 in Table 1’ the inaffective-~
neas of cadnium chloride in inhiibiting the decoaposition,
ocripared vith the other cadmium salts, may be due tt> this
oatalytio effact of ohloride, : :

Rooket motors vere regeneraiively cooled udring hydrazine,
and some saventy-rive engineering tests were made, Fuming
nitric acid contalning 6 1,/2 wvolght per ceat NOp was used as
oxidizer. The cooling pansages of the motor vere made of oare~
fully eleaned stalnless-stvel 347 tuhing for most of tha testy,
and & limited numbay of tosts was made with copper and steel
1020 as cooling pasrsgea. A MOtor with steinlems-sveol 347
ocooling colls and & oharacteristlic length L* of 31 inches wan
sucgeaslully cooled rogeneratively with hydruzine over a range
of charboer preosgsurs from 178 to 412 paia, and A -motor having &
value of L* of 13 inches vaa opsrated ovor & range of chawbury
prossure from 106 to 430 psia, The maxlwum bulk temparature of
tho ocolant hydrazine entoring the injector was U#38°F, When
statinlens-ntesl 347 tublng was used in the eooling pasaages,

no explosions ooourred during regensrative cooling with hydrasine

elthar with or without a combination of omdmium plating of the
stoeel and the presonce of cadmiua calts in the hydrazine,

However, cure hed to be taken to eliminate reglons in t$’t§°°11n‘

praoeges vhere hydrazine could stagnate and overhsat,

" copper or stesl 1020 cooliag passages, failures oosurred, -

The performance obtained with motora regeneratively cooled
with lLiydrazine was higher than expected, and the gain in pere
formanca was greater than rould be sccounted for by the inorsase
in gsonaiblo heat of the fnceming hydrazine. This inoretae in
perfornance ls attributed to inoreased rates ol combustion
renw ting from injection of heated hydrazine into the motor,
Complete details of the rosults of these rocket tests are
presented by Briglio (Cf, Ref. 9). }

gonolugions

As a ropenerative coolant, hydrazine is liable to excesaive

decowpoaition on oxidized metallls surfacss., Even on olean
metel surfaces the decomposition rate 1s high enough at elavated
toxperatures to be intolerable. Aluminum alloys 23-0 and 243.13
and coppexr are superior to steels 1020 and 4130, stainless

a7
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steols 347 and 502, and iron., However, stainless steels 203-A
and 308 are gomparable to the aluminum alloys and aopper in
this reapect, It is recowmenced that all wetsl surfaoes
oxposed to the hydrazine he plated wvith eadmium and that from
o.§°eo 1.0 per oent of Cd(Ao)y * 2H.0 be added to the liquid .
phase to minlitre thermal decomposifion of hydrazine durzng the
process of regenerative oooling. : ' ST T

——
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HIGH PRESSURE THERMAL DECOMPOSITION
. OF HYDRAZINE . .

N _
. Re Ls Wohrli and M, N, Olsen

. Reaotion Motors, Inc.:
Prosented by M. N, Olaen

5

tnder sponsorship of the Navy Bureau df Aeronautios,
Resaction Motors, Inc. is currently developing & liquid pro--
peliant powerplant to operate airoraft catapults. Tvo model
poverplantes have thus fap been constructed and laubching tests
vith a slotted tube catipult have boen sucoessfully ocmpleted,

The catapult poverplants roly upon high presmre oombus~
tion or decomponition of liguid propellants for ths eontinuous
produotion of largo quuntities of gaw, This gas is then
adnmitted direotly intn a cntngult tube, vhore it does vork
agninat a sliding pilaton which is donnected to the plane or
missile to be launched, -

Although these poverplants vers originally designed for,
and are preaently succossfullly operated with gusoline and
liguid oxygen, tenperaturs and control problsins forced consid-
evation of other propellant coubinations, Binos these und
other problems could bs avoided through the use of dirferent
roactants, a supplementary catapult grogollnnb investigation
wvap initiated. 1In this nov program hi gressure laboratory
test apparatus waes cvonstructed and combustion and deoomposi-
bion experimants were mode with a variety of grOpollantn.
the high preasgure apparatus and the decomposition tests with
anhydrous hydrazine are the subjects of this presantatioo,

In order to qualify for catapult use a wmonopropellant wust
lend itself to athble, effivient, continuous decomposition
without the aid of a catalyst. Therefore, it was necessary
to study means of 1n1t1at1ng and sustaiping controlled thermal
devonposition of anhydrous hydrasine over & rasge of operating
pressurss. The pressure range selectel wvas 2000 to 10,000 pai.

Absence of a oatalyst vas aspecified to avoid the use o
a second propellunt material whish would oomplicate catapnlt
operation and propellant supply, and also to avoid the soounue
lation of residue ip a catapult tube. Furthermore, previous
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exporiments with othor monopropellants, e.8., ethylene oxide
and hyirogan peroxide, had alread; demonstraved the simplioity
ant o0-t.oiency possible vith high pressure thermul decomposition

, Pt e ) .
siidcugh 1t was haped tuat test runs of two to three b

minutes duration vould be poasible and in some cases wers

all of the hydrasine tests vere of approximately one minute .
duration. The veaction effisiency vas to be determined through
accurate measurement of propeliunt flov rate and chanmber
pressurs, Verious teohniqués for storting the doovrmposition .

Peaction vere also to bue astudied,

Some of the probleaa peculiar to this high pressure '
operntion wers: the design and the fabrication of the ohamber,
the problem of injscting the propellants against high reaction
pressures and the handling of the rather heuvy assembly.

Arter oarsful study of the propellant injechion .problem
15 was deoided that the controlled vaporization of liquid
nitrogan and liquid oxysen in evaporators was the simplest
moans of genvrating the presaurising gas ot the pressures
neosgeary for injeoting the propsllants, fThis approach
vliminated the nsed for high pressure nliding seals, Seturable
resotors (0-lOXVA), vimible on the vipght (Figure 1) were procured
to provide ths elsctricnl puwer needed fur innersion ooll
heators, These heateps wers ploced in the evaporstors vhioh
wers enclostd in the large Devira soen in the center of the
ioture, The evaporator pressure was read fyom the safety of
he test instrumentation rooms with the Bourdon Gauges
(tog centor) by means of & telascope. The small ocoutAiner
on the left 18 one of the propellant tanks, These tanka of
1 liter cnnﬁait! vere of stainlans eveel with a one and one
qgcrtar inoh wall and & modified high pressure Bridgman seal
cloaure, '

In Pigure I a porticn of a test oart dosigned to handle
the vaporigation assendly is visible, Thin teat cart, cone
struoted of ono half inoh yteel flato'mounuod on heavy duty
oastors made it possidble to easlly 1ove the mssemdbly in the
laboxatory and in the test coll. Thy svaporators, Yrogolluntl.
tanks, high pressurs valves, fittings apd tub:ng. all olignud
for a 15,000 psi vorking pressure, &nd the elmotrical reaotors
totalled approximately 2000 1b,

The ovaporutor vessels (7 liter ompaoity) in vhich the
electriocal heating coils vere imuersed are shown in Figure II, -

131

RESTRICTED
SECURITY INFORMATION

- — e A

a0 0g

e T L et /L

A .‘.":;' B .
LR -

ey oy " (aaad . o " Ao Laah o P

3

oo et T




HISTRICTED

A '\'*"""\"'""'_""‘.”th':»." A
b e s e

s

L4
&
a
m
m
£
Be

Mgure I, Hizh Pressurs

Eviporator Yessels

Mgure 12,

-
. P
PO T Ly R ) - Tng
e e e e . o,
—— — — -
—— - e R A

ICTED
‘ORMATION

I

L
»
L

1%

_ RESTE
SECURITY 17

&
NS

. R v« - oy b o S S AT




i
\
i
;
{
.
i
3
!
)

RESTRICTED

These vessels are also of stainless ntee)l, having the vame wall

thiskness, and a modified PBridgwab seal closure. They vere

purchuned from Autoolave xnuano:;zgsé Ing, of !riol Pannsylivania.
’ .

1o practics, pressures of from
in these evaporators within five ninutes af

on,

to 15£000 R: vere generated

or ¢

" The basio hydraxine decomposition chamber is shovn 4n

Plgure ITI. The olosures oontain threaded steel pluzs vhich
vare machined to provide various iajector and exbaust nossle
econfigurations depending on the propellant or propellant vom-
bination belng tested,

Various linars wer- used in the frogran but for the hydrazize

tests liners of aither zireonium diox

de or carbon wers used,

1iners wero used not only to protact the chamber and out down
heat loas but also to oliminate catalytic offects at the steel

walle,

Aw shovn in Figure III provision vas nmads for prahoatigg
the chamber with an igniter device, Hydrarine vas intreduy
into the chamber 0317 aftur the chamber temperature reached
approximntely 1200°F. IPrecautions vere taksn to mike eertain
the ohamber van.aurrioiontlz prehented aince in one of the

u

early tests, an overlong in

ction period ceused by nonuniform

prehont resulted in « hard start - sufficiont tn distort the
one and one-fourth inoh ohAmber wvall, '

The folloving bdrief discussion of the oporating procedures
is bused on Figure IV (Schematio of High Pressure Supply 8ystem).
Although both a fuel and oxidizer aystem ara shown, only one lalf
of 1t is used for tests with monopropellants, fThe intiarmediate
tens ip the fuel aystem ways nuepliod with liquid pritrogen directly

fron the liquid nitrogen resep

oir. 7his nitrcgon was then foroed

into the evaporator by gas preusaure generated in the intermediate
tank through the action of an exchanger coil, When the svaporator
vas full as svildonned by the esoafo of liquid nitrogen through

the vent valve the nystenm was sea

od and paruonnel vers oleared

froam the test oell, The retisinder of the operation was remotely
gontrolled,

The propellant restriotion valve (No. %) was opened which
permitted pronuuriaig? of the ugutom to the propellant metering
[

valve (No. 2), At ¢t

atage tho power avitohes wvere oloasd

and the power input to the immersion ocoil in the evaporator

adjusted by means of a variao. Within several ainutes a 12,000
to 15,000 ps!l gas pressure was built up, When the demired
ressuro vas reaoched, a hydrogen-oxygeh igniter vas turned op
or about 30 seoconds, theredy preheating the chamber to 1200°p,

o SRR AR ¢ S SR
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i At thism point the hydrasine was introduced into the chamber b{

o opeling the on-off quick acting valve (No, 1) and metering valve
Ho. 2. The test run continued with the chamber prsssure con-
trolled through fuel notovin&. All of the hydrazine test runs
Yeore of about sixty aeconds duration, Limited both by the fusl
supply and ovag@ra or pressurs. The run was tarminated dy
oloaing the quick acting valye (No, 1) ard simultaneously

: opening the Liov down valve (No. 13), .

: A series of Lventy-ssven test runa were |uocoparull¥
| ooaglotod with "lydrasine in the chamber preasure range of from
! 2,000 to 10,000 pei., Ohamber pressure measurenenits vere made
: vith cvmmeroial stain gnugo transducers and & self=balancing
Lo gotant&ometnr (+ 1.5%). In all oases mmooth, continous con~
. rolled dooomposition, thermally initiated, vay sohieved,

Timne versis ohamber preasasure resords of three Sest: vuns
aro showvn 1n Plgures V end VI, These typi¢al rasults illustrate
both the rlrid ohamber pressurs bulld-yp «ud the chamber pres~
sure ocuntrol Achieved by the metorad hydrazine flov contpol,.
Flova vers messurad by moans of & Potbter rotating vans flowe
neter and & Brush type Galvancmeter resurder. The overall fiow
measuremant moocuracy was < 1.5§, A high prassure housing was
devisad for the rotating vone elsment and repeated flov oalidra=«
) tlob {ndicated that the volumetric flow measursmenta were
h indspenient of density and pressurws,

The intent of this study vas not only {0 maintain decomposi=
. tion at those high presaures but also to obtuin relative pepr-
! : formance data. QOonse uontlz. the restrictive exhaust orilficve
: : vASs ourofullx moasured and the performancs vie dased on
: ! ohnr:gtorilt o exhiauuly volosities, O* defined in the following
/ . equationy :

e

4

A o 5 v Tt

ohamber prevsuve, peia

gravitational agnatant, 386,4 in/aeal
throat ares, in

Total propeliant flov 1b/seon

yooe Evidently 1little gas generation psrformance advantage 1s
i gained by operating at pressures abuve about 6000 psi sinoe a
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50% increase in chamber pressure at this point results in only
& 3% ihorease in O+, The particular value nf these data lles

in thair use for oowgarlblvo purposes vith othor propellants,
For examglo, data colleoted in tho inventigetion shov that C#
for ethylsns oxide unier the same oconditions ia about 6% higher -
than that for hydrasine.

" In conalusion, 1% should be enphasisedt

o

1) That oontrolled thermal decomposition of hydrasine has

been éanonntracod in the pressure range 1500 to 10,000 psi,
Decomponition below 1500 pal bacomes more oritical, No apparent
serious problems confront sustained thermal decomposition at
even higher pressures, ° o

(2) Chamber proheating, either by electrical roasistanse -
olecenty or vith & gas torel 1a sxtremoly dependabdle fox
initiating the decompuaition of anhyrous hydragine. Many
toata ohuracterised by emooth starts and good onntrol demon-
stratod this.

(3) Ab elovated groanuroa. chambor and injeotor .aonfigura=
tions buoowe leny orition)l and commoguently good perforualie

. oan De achisved with very sinbple devices,

In the opinion of the auvthors, cperation in the high
pressuro realn offors many advantages in minlaturisation of
othervise huavy dqu vquipment. Beocuuse of the development
of high pressure sliding nealns gvoaunt high prossure apparatus
oan be grolely pimplified by wubntituting piston feed unibe tor
evaporators., fThe authors believe that valuable inforusation has
beon obtained and toohniques aocquired through these studies in
this relatively unsxamninced area, Movever, additional studies
ghould be condugted, partioularly on fast starting techniques
and catalytio orrooﬁl in the higher pressure ranges,
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. CONFIDENTIAL

DFCOMPOSITION RATES OF HYDRAZINE AND HYDRAZYNE NITRATE
SOLUTILONS AT NIGR PRESSOREY

by

1 B ~ 7. L, Thompson
Redel Incorporated

’ The euwployment of h{drnzinu as a propeilant in liquid pro=-
A Follant guns is an iuportant factor in the oonsiderwtion of thim
chemical, Potentially, large tonnages of hydrazine may be ocon-
swied in this manner and in the pressnt development Jwse of the
i 1iquid propellant gun program, many faseats of knowledge of
hydrazine, its properties, and Lts reastions ore being brought to
llght. The Services have a woll integrated plan of research and
developrment which s bolng carried cu at varlious universities,
dovvice laLoratories, and private firms, As A part of this
offort, Redel Incorporated Ll investipgating the varlation of
roaction rates of hydruzine propellant nolutiena with wide
differcncos of oconditloas such ac pressure and temperature, 'The
knowladge of these reaction rates s fmportant in the desipgn and
developuent of the guns as it vill allow maximum energy rolease
for propulsion without excseding tha strength limits of the
barrel und will aliow wapld eyelirg of propellant leeding without
cartridge easea, The fall acdvantage of liquld propellants can
not be utiliced unless the laonction in the chismber is under
control at all times, ’

The program of luveriigation inltieclly oalls for the .
deternination of rozction rates for prossure variations from .
atrwosrheric to 30,000 pal, for solutions of hydrazine - hydrazine
nitrate - water. The cowpositions undar test at present range
frow stratght coumerglal uydrazine to a solution of hydrazine
saturated with hydeazine nitrete - approximately 5% hydrazine
] nitrate by woteut,

L The appsaratun in which tho ratv determinations are mnde
cousints of o glass tube with fine burnout wires scaled in at
inch intervaln. The propellant 1o fgnited by an electrical
aqulb. Ag the reactlon of the propellant proceeds, the reacting
level drops, the fine wires bHurn cut and cause & step in an
osullloscopo sweep to indicate thoe time at whigh sach wire
broakr, The appurabua 13 pozitionsd in a 200 ¢c bomb and preasur-~
© 126d with nicvrogen to the dosirad pressure, .
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Ignition could not be attained with the squib with hydrarine
alone or the uaual gun propellant compesitlons at pressures up to
2000 psi, Tests were then started with solutions very rich in-
hydrazine nitrate. It was fouad that liquid monoprcPellnnts
vere like polid gowdern in that bvelow some "orttical” pressure
for each composition, the reaction ceaund, . ' )

The Pigure illuatrates the rélntionahlp hetween reaétien_
rates and preasure for a nunber of propellant compositions,
This graph is plutted as the log of rate in inchus pex seocond

: ufninat the log of prossure in pounds per sguare inch, - ‘The
8

ops of the linea la thersfore the exponent "n" in the expression
r«ap, This exproasion is the aimplified work-horze relationship
used in burning rate calculations for solid propellants,

It 18 of interest to note that "a" for solid rooket pro-
pellanta is ln the range of 0.70 to 0,85 ana tor #nlid gun
propollnnts in the runge of 0.70 to 1.11, :

Values of "n" for the hydrazine compositiona have ﬁoén
meapured as follows: . - . .

H

 NpHyRNOS . e

8 - 15 ISR S V-
80 . ¢ . . 243
70 N . 2.68

60 : - 40 o 2.5

50 . 50 S 2,23

The breuka fn tho curves are of great intereat. Breaks are
noticesble in the 70-30 curve, the 60-4) and the 50-50 percent
curves, When the break ccours, the exponent "n" o1 the sleps
drops from 2,68 to 1,76 for the 70-30 ourve &nd frum 2,51 to
1.02 for the 60-40 ourve, The breaks oceur at dec»susing rate
valuss for the dacraasing nitrate percentage solutlonas, There

" would geem tn be o corprelatlon belween compoattion and the

ocuurranoe of the bresk, Teats will bhe made above 30,000 psi in
thae future to determine Lif ather bLreaks ocour i the curves,
Tutare tonsta will alse be made at other temperatures,

The 80% nitrate - 20% hydrazine solution doas not exhibit
a broak at the high end of the curve, It rmus up to a rate or
300 inshes per second at 5000 pasi, enters & reglon of poor

142 :
CONFIDENTIAL
SECURITY INFORMATION

PRGN AT




PRESSURE tw REACTION RATE
HYORAZINE MOMIPROPRLLENTS .

P : | . L ) T 1
. ] R E - 1
NN, 1 1 T :

Aoﬁzkf ’ :
1

o 5 | |

. i P - .
. e ABS ; o
. ; 5 o | | R
. & n‘ S / | .
g I . i b
! { . § ! a8 - / l :
i Jos . fpom
; 5 g e "'f#’ ’ 7 y ; k !
L ‘ € . i !
- v \ - I
o ha / ] / I{
| T B
3 ¢ A ]: 1
o
: .
’ . i ;
4000 2000 10000 48000 Joaeoe i
PRELSURE - PS) W’]ﬂ z 1
{ 183 . SECURI TION 1o
4
4
b
i
Sy
[
“.
) :.M~L‘hn‘#w|~ﬂwt‘|7-ﬂ"m". _“‘.n'"\"‘-'w"‘.-nr .yt o ee A, e " pr wr—— s K
= :w,..:.:..r',.‘..?.y: s -
. Qg W § f
,"\




!
3
v
l
i
'

CONFIDENTIAL

raproducibility and above 8000 poi, detonations ocour, With
the BU% nitrate noluticn a breal does oscur ut the lover end of

. thn curve, Tho slope of the displaced seyment im almost the

same as tho main curve., PFelow the rate of 1,15 inches

o v
seqond at 1100 pol, the reeotion will not coatinus. ThE: break . oo

ias belleved to correapond %o breaks in resction prate - prosaure .
curves uf othor monoprropellants Pound by Whittaker ard others at
the Naval Ordnande Test Station, Thaiy vork shoved a number of
monoprapellant componitions; for example, & mixture ef 2 nitro-
gro any end nitrio acld, hud breaks in tha region of 0.5 to 1.5
inches per second.. Thesa breaks ure bslieved to be malnly
chumtonl in nature, prohably the ovidenco of & chenge of reection
meshunlsus or nrocenses, Physical paramotors such as the bube
dlanotnr, tube sompoaition, fluid visvcuity, may vary the looa-
tion of the boeak but are nol respunsible for its e:xlstencs.
obher solutions on the graph do not reast {n this rate range and
80 the possible breaks are mavked. : .

1 %

In discussing dhangsn in resotion mechanisms it would be
woll to examine the worlk of Dr, Adams of Walthsm Abbey, England,
Ar, Adams ignited aommergial hydrazine in a glass tube by means
of & hot wire, The tests wore vonducted in equipment vherein
tho pressare could be variod, D, Adams detasmined reaction
vato ~ pressure relatloas for sevarul noupositions of hydrasite
and water, Thene rates wore 0,004 to 0.08 inoliea por second, &
vary low rangs when cowpared to the rate of & to 300 inchea par
wosond of the high nitrate solukions, , i 3

Dr. Adams raported thal as sho prouvsurs was inoressed, the .
raac%inn rate inoresaved tovards a maxiwum l.mit but above
atn (150 pel) or up to 30 atm for soms compositions, the repro-
duolbility got bad, the reastion rate was ne longer proportional
to prennace and above a oritloal pressure, the reaction was
extinguiuned, Our laboratory ran similoy tesis and obtained
rosults idontiosal) with Dr. Adams. .

It 18 of irterest thet Dr. Adamy got succcanful tents from
atmosfhorio prooaure to & haximum of U450 pai gliving very low
reaction rates whereao our laburatory stmrted with higher
preossurss vorking down to 1050 pal for one solution with other
compositione having muuh highor arliical pressuras, In botween
thoae rogions of sucocwanful teating is an arena vhere the re-
actions have not ylulded Lo utudg. This presonts a risld for
fusure research in the atudy of hydrazine,

At_atmnnfhorio pressure, the overall decomposition reectlon
of hydrazine la Nﬁ“ﬁ wualifly + 3 Hy + § Na, H s 23K Cal.
y

However, at highs esourbs tho predominant reaotlion 1s:
NoHy ==~ Np + 8Hp U+ -12 K Cal,
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Naither of thnase reactions represents the aotual process
of the decomposition of hydracine at lov presasures, The actusl

.
Cum-?

procass may be represented by the equationss ] : :}
L BRI A
. ' ﬂeﬂn + Hﬂe anam " ' m) + 'Ugn’_ o - ,

. or - NoHy o B A O
R R gy meee o memg 0t hoEed
i vith termination reaotions S 2 Ny - ' E : '}

i

_ . ‘ , i
NHgp o 5233 ——— . .n"" Na + Ha I ) . ' “
|
f

Hell' dnd Murray prosusied that the reaction NoHj =-- QNHi : .
vas the rate determining utep, It is & rirnt,ordir decompoiition :
with an Activatien enorgy of 60 X osl/mole. Hovever, this would
1iuit the Linear pate of burning vith vespeot to the unburned gan - N B
! to 30 centiunters per seoshd, This i3 greatly exoncded and thus vk
, tha decomposition vroactlon ls not to be oconsidered an the rate : '-'f
determining utog. Nilz is formed by several of the reactions as N
vell apr the initial decuvmposition, . : i

! . " The above veaotions are those of the decomposition ‘of B
) hydratine onlz. Add to thase, the preaoctions of nitrde agia, I A
i us -

.

the oomplexit of the nitrogen oxides, the oxidation procesves, o0 b

and one reslizes the Aifficulties in mtpgins the reaction process : S
i of the monopropellant solution. The predoninanve of particiler - R 1
| ond produnts, - ammonia or nitrogen and h{drogon - dopsnda on " oF.
' the equilidrium gonstunts ond roaotion rate variations of these :
. reactions under varying conditions of pressure and temguraturo. ) ;

Tho regions of unatable reaotions, dimoontinuities in the rate '

« prasasurs ourves, and points of "oritiocal" preesurds undoubtedly

::pre:;nt sets of conditions vherein the cheln of reaction is

changing.

It may be of interost to note that all investigatlouns of St
. chanber prossure in guns using the hydraaine monopropellant . ]
Lo have shown rough oombustion or pressurs surges as compared to ’
R the burning of solid propellants. It is thus indicated that

i ﬂ}f? the reaction procsas may be more asensitive to pressurs or !
w\ix' ' 145 | .i
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temporature changea than conventional propellants, Tests with -

a amall oaliber rifle indicate phencmena in the gun that might

be oxplained by the breaks in tho curves previounly disoussed,

A correlation butveen the ballistics of this propellant system -

and the theorutleal analysis of the hydirazine reactions 1s

beginning to form, It may take several years to sttain a olear
- ploture. but a start is belng mude,
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: DISCUSSION ON PAPERS BY
DR, HOWARD W, XRUSE, DR, D, M, MASON, MR, M, N, OLS3EN,
AND MR, THOMAS L, THOMPSON :

THE OHAIRMAN: Thank you, Mr. Thompaon.

The first four papers &re nov open for disoussion and .
pleavs announoe your name ulaarly, zour arfiliation, and your
disctosion - olearly 80 ve may take it down, and do not bo afraid
to use the blackbosrd 4 you have any tacts and figures you
would like to proesent,

MR, D, N, GRIFFIN (Mathieson Chomical Corporation): I have
two cowmments to add to Dr. Mason's gcr on thermal decomposition
bomb studies. 8ince leaving the ivied walla, we Lave continued
with similar bomd studles in connection with the llquid propel-
lant gub developmont program for the Navy Bureau of Ovdnance,
Just by ohuance I happened to bHring a4 olide along with me,

I might may first that in this work we have been intexested
in studying tho effool of various naterials on tho decompesition
rate of hydrazine. Therufore, we have ussd bombs whioh wore
node exelugively of the muterial to bo studied so that anlx
that waterial vould aoms in sontnot with tho hydrasine or ﬂﬁru-
4ine vapors. In past vork gquite often decomposition rates have
beon medsured in a bomd of & given natorial such &8 atainless
gtool, but one in which vas prasent wold material, silver soldep,
othor motal gaskets, and so on. Wo have triad to he a little
mora consistont by keeping the hydragine completely isolated
from anything but the one material in question,

(sl1de) (Sas page 148)

Shovwn here are the rosults of some tosts in bombs of
different materials and with anhydrous hydrarine only. We are
also conduoting studles of the hydrazine = hydrazine nitrate -
vaior mixtures; hovover, this work is not complete enough to
be roported on at this time, . :

Eaoh material indicated in tlhe figure represents &
different bomdbj ho'rever, the dimoneions are the same in all

onses, Internal dimensions ars in the asame order of magnitude
as in the JPL teats,
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The reasults falls into tvo distinot olasses, Relatively
high deconmponition rates ocourred ip all of the stesl boubdbsj
vhorean copper, btrass, and soveral aluminum alloys gave rates
approxinmately tvo per cent “f that obtkined with.atkinless steel,

. o -
e . At JPL 1t vas obperved that 1(9 per cent cadmium acetate

1, . reduced the decomposition rate of hydrasine in & atainless steel
A hoxdh to one-tenth of its normal rate, MNov ve ohsexrve that the
b rage for anhydrous hydrazinoe in au aluminum bomdb, for exswple,
. ' is in the oyder of about ons-fourth or one-fifth the rate 1n
| ateel with calmium added. . o .

Therefory, ve raonntlﬂ mads some dDrief teats to determine.
the effect of cedmium on tho decomposition rate in an aluninum
.- bowb, Although the results are not shown in the figure, the :
\ nddition of cadmium soetate had no approoisble effedt, Apparent-
1y matorials in the olans of aluminum, and powsibly vopper, ure
esnent!ally inort towards the thermal decompoaition rcaction of
hydrasine, Lénce & surfaos polman is not required, This im in
oontrant ﬂo steel surfance vhioh are agflrontly active, and
therofore oan be inhibited by the addition of cudmium,

The veuults with aluminum are of particular intevest sinee

. this appenrs to bo onv of ths most compatidle of the copmon
mobtaly vith hydranine, In the gnst, if I am correct, hydrakine

: han not dbeun heatwd ahove 500-5289K,, vithout explosive dagoupo-
oition rates ?oogrrins. As shovn on the slide, we have heat
hydrazine to GCO°F, in a 75-31 alumipum bouh, at whioh tenperas
ture the decompoaition rate was onl;'lo pod/min, whioh corrospondy
o og abaolute dogomposition rate of apyroximstely 2-1/2 per cent
pexr hour.

These remults, puprticularly with the aluminum alloyy, should
be off vulue both fo Popla cuncerncd with degeverative cooling '&
in pvupellant applications and thoae onfugcd in hydratine manue
facture and wtorage. [lenoa I oonsider it sppropriste to offer
this material at this time,

P . TEX OHATRMAN: Thank you.
Any further discusaion?

MR, PAUL, M, ORDIN (NACA, LFPL, Olevelsnd): Dr, Masonm,
40 you reocall the heat trane or values in your rooket engine

teats?

_ DR, MABON: Off-hand, I don't know, Me, QGrant, of JPL,
vho 18 present, porhaps can ansver your question.

M
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MR, A. PF. ORANT (Jet Propulsion laboratory): ‘Tvo B,2.U. - j
per square inch por second, .

W . .
. - PHE OHAIRMANG Dr, Haller, you have been vexy quiet, Do
' 2 - you vant to say & fev vords lbéﬂz oadmiumt ’

4

DR, MALLER; I don't think 1t is quite appropriate, I
vould rather vait until after Dr. Daxter presents his papev}
,_ﬂ 1t's very pervinent.

v 2

MR, TROYAN: X would Like to make one comaent,

|

§ Thore vap some oomment made about the effect of vapor

: exnosure to the metal surfuoce as contrasted to liquid. Acsorde
Lo lng to your statomont you saw no aonorete effect but there waa
b : 12 ivation of poscibly wore decompoaltion ocourring in the vepor
stage,

DR, MABONt T would not categoricmlly atute that deconmpo-.

: sitlon ib the liquid phane duas not ocour. The results ve

. reported are thote that vere observed undor the oonditions of

our menyurements, By the niture of our nisasuraments some gas phase
in alvays peepent, RO tepta vwers wade vhero thim phase was

] oonpletely exscluded, My guess im, vithout experimental verifioa=

. tion that thore may posniDdly be oonaurrent decouwposition in the

\{ 1iquid phasnj although the gan pnase »vaotion is more papid
acoording to our experimentsa,

|

!

)

} |

: MR, TROYAN: I seom to recall that you sald that regaxdless
L' + - of the ulluge -you got no significant ditferance. . _

|

5.

\

Wo have some work whioch vill be reported tomorxov that
indiocatns vory definite effects =~ & large diflerence in .
decompoaition, However, the work wan done at 50 degrees
Qantigrade vhero pouatbf: there isn't as much inert gas
ovolved by decomposition and there is more hydrasine availadle
; in the guo plinse, let's say, than there 4a vhen you are desom-’
' Youiu at muoh h{gher rates vhere in the gnn phase you have

enn | Zdranino. I don't know vhether tha
viavpoin

1 DR, MABON: The partial pressure of hydrasine over liquid
hydrasine should not be markedly dependent on the pressure of
inert gases ib tho aystem. Ous observation was that the initial
rate of pressure riso in the system with time vas independent of
ullugo. vhich suggests that a gas phase reamction is ocontroll’ng
at the elevated tenmperatures of sur measurements,

MR. ERNES? D, CAMPBELL (U.5, Naval Ordpance Test Btwionzi
Iizould }1&0 to ask Dr., Mason, vhat vas in the ullage - vas 1
nitrogen . .

is & vunlitative
t or not.

N
. ) \
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DR, MASON: That 4s & point vhioch was not broufht out in
the talk but 1s mentioned {n the paper. The initial gas phase
contained air. ‘Thus, when tha temperature of the system'vas
raised, reuction betveen hydrazine vapor and oxygen of the air
might be expected to coour,

MR, CAMPBELL: You didn't distinguish betvesn the oxidative
decomponition snd therwal decompositiont

DR, MABSON {Interposing): OF courss the total number of
noles of oxygen initially pressnt ave small oompared to the
total nunber of moles of hydrazine whioch decoupose to give
large presaures. : .

MR, ORIFFIN: You might also add shat by the time you
attained the temperature at vhich the weasurezents ware iade
probubly all of tho oxygen of the air hud ronoeedé loavlnf
easentially only nitvogen plus hydrauine vapor and hydrasine
decomposition produota,

THE QHAIRMAN) I would like to have Dr. Kmiso of NOTS
Juat briefly outline the work in progress at our laboratorties
on the thermal decomposition of liquid hydsaxine,

DR, TUABt We are stavting to make yome measurements &t
75 dogrevs 0. That temperature. s vepy oloze to & figure ve
got from the Bureny as the upper tomperature limit that & pro=
pellant should withstand, . :

Thua far we have found that hidruuino dooomgonition in
glnnn aontainers at 78 degrems Centigrade progeasds ud slovly as
o be almost immessuradle, that is, on the order of less than
one por cont per yeanr, ' -

At present ve are tryirg to find out vhether deocmposition
iz taking place 4n the liquid phase or in tho vapor phass, or
both, If decomposition ooouvs in the vapur phave, we lhlil
attempt to £ind out whether 1t takes place oh the walls of the
oontainor or in ths fres space.

Thus far ve have only & littls data, Thewse data indicate
that hydrazins is vor! atable, In the abaence of air or
oatalyata, decomposition 1s extremely alow,

THE OFAIRMAN: Thank you, Dr. Xruse.

Professor Waring, do you have any nomment to make on this
decompoaition vork that has been prasented?

FROFESSOR O, B, WARING (Univeraity of Conneatiout)t Ve
have boon 1nvoqti¢at1ng the decompoaition of hydraxine vapor
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agcukor sesma to feel Lhat the breaks one gets in ¢
v
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 at elovatod tem eraturay, that is, around 200 to 400 degrees

Centigrade. All I oan aay now ias that 1t 19 hetarogeneous,
vhicl agrosg vith previous. reports en ity behavior,

' 1 vould like, if I way, %0 add anotfier comment about burning
rato studies at hl o

gh pressurses,

THR CHAIRMAN: Surely,

PROFESSOR VARING:  If T uederatand 1t sorreotiy, thovlnlﬁ
& surves
on meAsuring liquid burning rates at esluvated pressurow are
apparently due to & change in tho chemtatry of the systen,

Wo vent along vith that at the Univnrl1tz of Conneoticut
until reoontly vhere we lave bues mossuving the dburning r:ton
of propano and nitric aold asyotems, We began to suspoot that
thene characteristic breaka wight bs due to physical ef'fents,

dome of you mai be avare that as you inoresss the pressure
on liquid aystems the vapor proasurs inareases, This 4s the
Poynting Plieabt. While wo are nut prapared to atate this

. fipally, maybe we never oun, Wwe began to culfeoh there may be

Vapor pressure relationohips operative at this very high

preasure,
TUR OHAIRMAN: ‘hank you, '
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{ DETERMINATION OF THE PROPERTI;S OF HYDRAZINE NITRATE . ;-:,
by o

( . o J. N, Mandas apd D, W, R,k.r R , . .
o : ) Olin Induwtriew, Ines ¢ -~ -, . .
i © " Presented by J. N, vandas - - ' T

i ' L eeaniang RS S

! At the request of the Navy Bureau of Ordnunce, Olin ,
' Industries urdertook a study of hydranine nitrato in September
1951, This paper summarises these studies to date, C

In thias atudy, we vere concerned with the phzuioul.
[ ahenical and explosive propartiss of hydrasine nitrate, The
: ytability and compatibility of the.salt vwith common nuterials - ;
of constructien were almo studled, '

This work quite naturally led to & consideration of -
methods for large-scale manufavture, fhe vork novw in progress
is direoted to thin problem, :

o N

FREPARATJON

l In the early stages of the vork, the mathod chosen to h
prepars hydragine nitrate was the neutrulination of 83% hydra= -
sine hydrate to a mothyl red end point with dilute (5u%)

dogolorined nitric acid, Tho resotion was maintained below

3090 and {n each instance oonnumed the caloulated amdunte of

voagent indlcating et lonst a 99% yield of the salt in solution.

The anlt wvap separstod [vom wolution with & nodified flash ! . 4

ovaporator ar by bolling off the water in a round bottom flusk T

updey reduced pressure, All hiydrazine nitrate usod for expsri-

mental gur onan thitoughout this vork vas prepared in this manner
from redivtilled lLiydrasine hydrate and C.P. nitrioc acid desolor-
1s04 with urea,

-

T e

e

. — e e e o ..
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|

AMALYSES '
The ohemistry of hydrasine is nov and reveals dbut a few
propsrties usable as vehioles for quantitative methods of
analysis. The reduoing aotion of hydrdsine and its salts has
been the most videly atudied Lo date and vag therefore considered
to be the best appreach in the search for a method of analyeis.
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An iodometric m;thod vas found whioh involved the ﬂlirbf standard
labhoratory equipment and nad the simplicity of teochnique neccssary
for a general method of analysis.

The vork reported b{ MoDride and ooworkora(l) on the direot

titration of hydragine vith potassium fodate recommends it as &

suitable fodometric method of analysis, The method ldogtld for

study vas the direct titration of hydrasine nitrate wit B

potacsium icdute to the 1odine moncchloride end point using

. s solvent indicator., The equivalence point ocours vhen the

i ‘ last of the Ig formad in the early atages of tha titration 1a
converted to IOL on the continued addition of the potanssium
iodate solution., 'the end point is detooted bg the diaappearance
of the iodine color in carbon tetrachloride which forms a second

: phape in the titrating flask, The method was ghonen for two

- | vessonsy (1) Cnly one titrat53n 18 exeouted, (2) potassium
jodate 18 a primary standard\s/,

It vas found in acoordanoe with MoBi*ide et. al. tiwt the
oxcens of ohloridu ion mupt be kept high to obtain ap scsurase
! end point., With the uhloride ion ooncentration adjusted above
- six molar and the hydrogen lon conoentration approximutely four
) molar, Lhe ehd point vas sharp if stirring vas officient. One

tenth of a drop was sufflodent to cause the ohange in color of
; the oarhon tetruchloride phane from an extremaly pale pink to
colorlesa at the end poipt. The tendeney to over-titrate is
‘inharent in tho teohnique due to the rate at whioh the system
attaing equilibrlum; the rate of attaining equilibrium is
proportional to the chloride ion oconocentration, By allowinf
at leaat thirty soconda batwoeid eaoch drop as the end point is
reached, a reliable result i3 obtained,

v To colieck the stnndard potansium iodate molution, three
P : eamplen of reoryntallized hydrasine rultate vers weighed out
P and digoolved ip a 1little hot water, sufficient concentrated

. . acid was addod to give m six molar hydrochlorieo moid wolution
&t the ond goint and the resulting solution titrated with the
standard potnssiuwg iodate solution uasing carbon tetrmchloride
&8s an internal indicator. Tho average of the three titrations
gave 0,110 aas the molarity of the potassium iodnte solution.
This oompares with the weighed valus of O0,1107N.

Orystals of Egdrunino nitrate separated from a saturated
solution were dried in vacuo over anhydroua caloium sulfate for

18 hours at room temperature, Thres samples wers quiokly and

sogurately veighed out, 65 mls of oonoentrated hydroohlorie

404d and a fev drops of (01, vere added and the resulting mixture i

titratod vith standard K103 - Resulta, whioh are listed in

R

aEanE
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P . RESTRICYED
] Table I, show an acceptable ovder of procisicon, i.e,, + 0.3%.

| A saturated sdoluiion of hydrazine nitrate staading at room
: tenperature was used for the determination of the salt in solution.

A uample cof the solution (3.%34 grama) waa diluted to 250 mle and
aliquots were delivered from & 50 ml burstte and titraied in the
following fhmpner. 50-55 mlas of concentrated HCL and 14-16 grams
of NaGl were added to over 40 mla of weasured sclution, Two to

] thres drops of CCIL), were added and the mixture titrated with the

i‘ ! standard KI03. Results vlich show & precision of + 0.1% are

listed in Tablo iI.

WO

S aepara &

) Crystal Density., The uncertainty as to the hydroscopieltly
I of hydrazino DiLrate at Lhe timo of txe determination of orystal

Gunalty vequired the method of displacement of an inert liquid
in & pyonometer be used Deoaune the sample of salt oould be
dried bvefore weighing and. kept dry while weighing, Special care
wans given to the determination of the Jdensity of tha seample of -
dJathyl phthalate uaed as the inert liquid. Hydrazine nltrate

. wvoe fused {n vacuo to remove all traces of odoluded water and to
ensure the absencoe of voids in the cryatals, The data obtainea
5avo a value ot 1,685 4 0,005 gm/ml ag the abaclute density of
the crystalline salt, : -

Melting Point. The melting point of hydrazine nitrate vas
deteriifficd by notlng the teuperature at which the salt absorbed
Aty heat of fusion ag indicated un a time-temperature curve.
Hydrazine nitrate, twice roorystallized from diatilled wlteri
wae fused in vact. for two hours at about 1109¢ to remove al
wnter. The data for the highest melting point obtalned gava &

! valus of 70.7 4 0,1°C. As a meamsure of Lirity, the melting point
of a sample orihydrazine nitrate separated from A saturated solu=-
tion and dried in vacuo over "Drierite" for three days was
determined and found to be 69.7 + 0.19C. An analysis of these
orystals shoved them to be 99,3 + 0,2¢ in hydrazine nitrate.

' Hygrosooplglty. The hygrossopiiity of pure hydrazine
( . nitradg wa;'ﬁgterm nod by noting the change in weight of samples
K stored under selected conditions of relative humidity, Hydrazine
H nitrate was fused ip vaouo to 4{nsure thy complete absendo of

FHYS1CAL PROPERTIES . ‘

% T

{ water, A serios of desjocators vas arranged with relative
runidities of 20, 43, ©5, 60, 65, 70 and 90 por cent and nauples
3 of tha galt vere weighed out and introduced Iinto each of the
i desicvators., The samples romnined in tho des‘ycators until
they came to cocnstant weight vhich wan cunsiderod to be the
equilibrium hygrosgoplolty of the malt. A plut of the values
obtained (Figure 1) indicates that at relative humidities
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TABLE I

ANALYSIS OF CRYSTALLINE HYDRAZINE NITRATE

i

NplyHNO3 Taken ' 0.110 M X104 * HpHy N0 '

) ) T (£).
0.5010 : 49.00 v - 988,32
-0.?251 : ’ 68.80 ) 38. 8

. o "Mean . 98.3

i) 3061. D"‘ 002

: ‘ TABLE 1 ,

] ANALYSIS OF HYDRAZINE NITRATE -IN SOLUTION
NoHy HNO 0,110 N KI0g V. NpHyENOg per
Solution Solution 3.934 grama of

ml, ml, Saturated Solution
{gno)

Lo.lus5 41,98 2,715
by 10 45,90 2,720
b5, 10 us.go 2,718
uz.ao hg. 0 2.72%
46,20 48,10 2.728
44,00 46,60 2.7L
47.50 49.47 2.718

Mean 20719

Std. Dev, 0,003
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I~ greatar thap ¢8% the sali deliquesces. It is to be noted,
“+  hovever. that an appreciable arount of vater is picked up at
relative humidition of sixty and aixty-five per ceut.

P The utubtlxtz of hydragine uitridte vas ocnnidoiad in three . {
g © ways: the stability of the pure valt, the stadilily of lmpurs .

salt, and the stability of & raturated solution of the asalt,

v mhe Gyabllity of Pury Hydvazino Nitvate vas determined via
s the vﬂ%ﬁd&“&!ﬁBIt*ﬁj"ﬂEﬁf”ﬁL&ihe TFe Tooed ualt and by atoring
v A sux;le af the pure fused salt at 5090,

Thq vatium stabilliy. of hydroripe nitpate vas doteimined o
\ at 63,28 by the Wostern Darsrildge Gompani twohnique voed In o
deteruiring the vacuum stability of totryl. Ons-gram samples
-~ of fused ealt Vore placed in the samplna oantainer of the appara«
tus vhich vas. placod under a vacuum and brongpht to tumparature ;
in en oil bath. vhe intornal prosaurs of the systonm wivs pead with
& mercury mascmeier ocalibrated in millilitenw., Aftur forty houws .
the wercury leval vag noted and copyected for any change 1n
barouetrio prossure that might have osceurred duding tho tesbs AD o
\ . insroase in volume wAs talion as evidenve »f the evolution of & - 4
) ' gasoous neoduct rurulting from decouposition of the valt, One~ ok
i grom sunples evolved uf to 0,06 ml, of 3as in forty hours, In .
‘ the saue teat, but at 120°C, RDX evolved 0,90 ml. of gas per grauw,
apd totryl evolved 1,00 mi, of gas per gram, 'The RDX and totyyl
wot'e production nsamples. -

; . A foup-gram semple of the aalt was stored for four . eeks :
| ot 509C {u a glags viel stoppersd with a rubber stopper., A daily S
check was made of the salt and the vacuum stability test wes made |
on portions of the aumple at the end of two and four veeks, The !
salt did uot alter in appoarance over the four-wesk peried with .
the cxception of a tondonu? to cakes., The salt evolved 0,07 ml,
of gas ln the vacuum stabllity test after being stored for one .
weo: at 5070 and 0,09 ml, of gan after being stored for four '
weeks,

The above results suggest that hydrazine nitrate is stable |
apd may be capable of beiog stored over long pericds of time, X

The Stability of Img%ro Hydvazine Nitrate was determined by L
noting tha roactly [ o salt w materials representing !
ths most common pubstances with whioh the salt might come inbo
contact 1o {ts industrial preparation and commerscial use. The
chosen substances vere introduced into samples of the salt and ol
tesged for thelr reactivity at olevated tempuraturos (110 to )
120°C), at elevated temperatures in vacuo (vacuum stability R & !
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teat at 68°C), and at olevated tempsratures for long periods’
of time (surveillance at 50°C),

Fach of the chosen materials vas introduced into a porcelain
oruoible containing hydraginy nttrgto and heated electrically to
& temperature between 100% and 120°0. Any resction (ovelution
of gns, chango in color, foauwing, euo,) noted vas tonsidered an
indication that the two materials would be incompatible under
any get of conditions of preparation, storage, or ghipping.

The results are tabulated ig the fiprst column of Table III,
Brans, cipper, lead, ooigor oxide, hydrasino dinitrate and
lead monoxide redciod with the fused salt, :

The maturials found to bHe computible with fused hydrasine
nitrate at olevated temperatures were gonnidersd with respeot
to any catalytic action, of reactivity which would tend %o
decomposs the hydragine salt over a loog period of time, The
vaguum stabllity test van cilosecn to teat samples of hydrazine
nitrate quotawinated with the £1lingn or dust of materials
found to be computible with the fused oalt, The results are
tabulated in the svoond columy of Table IIX. Ferric oxide
contaminated malt evolved 3,0 ml, of gus, - .

New samples of the mixtures found to be atable In the two
foregoing testas and panplen Yropared vith lapge plecss of the
contaninants whenover possible, were Blnoed under gurveillanoe
for four wosks 4t & tompevature of 50°0 and d511{ inspevtion
made, The results are tabulatod in the third column of Tadle
III. OCadmium, oopfor, maghodivum and 2ine wore readily attacked,
The stainless stools All doveloped rust :gotl on their rough
edges only. The woods were all dimoolored.

gtability of Mvdvapine Nitrate Solutiens Tho'fcrégotns
tosta ruled ou ma'ofTETi‘?Hgé'Eiﬁ“IhdahﬁiiIB{Q with hydrasgine. -

nitrate in the drg atate, In the ovent the material dsliquesces
[}

due to storage mder high humtdibz, any reaction would be that
of a paturated solution of hydrasine nitrate and the waterial,
Suoh o oondition also exists in preparing the salt 4in that it

is genorally prupared and conoentrated in an aqueous medium,

A porien of saturated solutions vas {repared contaiuing
Pleces of the soveral materials (the metallio compounds being
exoluded) and stored at room temperature. 'rhe materials vere
inspooted for ohemical attack, weighed to detect any loss due
to corrosion and vashed dovwn with diptilled water and the
vashings from the mutals tested for the raspsotive ion.

The results of this study are listed 4n T:ble II, All
motals (vith the exveption of siroonium) and voods testvd were
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attaoked by tho solution. The solid magnesium bar decrepitated
¢o 8 sludge in the bottom of the vial, Brass, cadmium, copper,
lead and zinc bars all developod heavy coatinga, The steels vere
apotted slightly with rust, .

.. The Matarials gggcn'CAn ba_Considered Most: ompgtiblu vith
hydragiw nitrate un oragiierut Eoﬁﬂéfréhl paras1 2& :hipplns
s

and dtorage as determined hy the foregeipg vork are list

followey o
Metals ' . - packaging Materinls

Aluminum ’ Asbestos
Silver ' Pyrox glasse
Polished atainleas ateesls Polyethylens
- #309 . Polyatyrens

317 : .- Runber, red

321 : ‘Rubber, guu

204 BIC : Sodn glaws.

ELyg - Tof Lon
T :
Ziroonium

Y
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' TABLE III 7

RESULTS OF FUSYON, VACUUM STABILITY, SURVEILLANCE :
AND CORROSION TES1S OF HYDRAZINE NITRATE 1!

Vaouum Urvelllunoe UOXroslon !
Fusion Teést  Stability Test Test .
Re Reaotion Toat R sReaction
Material =3 No reagtion _ (ml,) - £No reagtiopn
Metals )
Aluninum A-1- - 0.5 - R nos
Eraas R R :
Cadmium - 0.0 R R
Copper R : R R
lead R R |
Magnesium -’ R R
Silver - - R
- 00 0.0
- » R R !
3%7 - 8'8' R R :
- - * R R !
30‘& BLO - . 0.0 R R .
3"‘7 - 0.5 R R 1
™o - 0.0 R - R |
Zino - - 0,1 R R ]
Ziroonium - 0.0 - - ]
"Woods . : {
Oak - wel R R Lo
Sugar Pine - 0.0 R R .
Haxd Maple “ 0.0 R R '
Motallio Qompounds !
Aluninun Hydroxide - 0.0 - ;
Aluminum Oxide - 0.0 - !
(lopper Oxide R
Ferric Oxide - 3.0
Hydrazine Dini-
trate R
Load Monoxide R 0.0.
Lead Sulfide - 0.0 -
Magnesium Oxide - R
Silver 3ulfide - - 0,0 -
Tn Oxide -’ 0,0 -
Zino Sulride - 0.0 -
i
{
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{ TABLE TII (Gontinued) .
Vacuua Survelllensa Cowrobicn ‘
Fusion Teat . 8tability Teat Test

R«Reagtion ' [ 111 . R« Reaotion o

Materisl = =No reagtion ol,) = =N reagtion - !
_ ’ !
Packaging Matorimls A . !
Asbestos .- . 0,0 S R : S
Paper (water- ' Py

' proof) - 0,0 R :

Pyrex glass - 0.0 -
Polyothylene - 0.0 -
. Polystyrens - 0.0 - -

R Rubber, gum - 0.0 - - |
Rubber, rod - 0.0 - -
Scda glass - 0.0 - - !
Tellon - 0.0 - - ]
|
© Hydragine Nitrate - 0,0 - i
' |

; i
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PHYSICAL PROPERTIES OF THE WATIR-NYDRAZINE NITRATE SYOTEN )

I . Hydrazine nitrate preparod in this laboratory vas recrystal-
14zed from distilled watar once and uaed to muko up 4 series of
aqueous msolutions, Jaoh solution was analysed using the potassium
lodate diveot titration methed, The density, refractive index,
froasing Eoint, and boiling points at various pressures of esoh
of the aolutions vare deternmined, " :

Three asources of data vers utiliged in proparing the phnli |
disgram of thy vater-hydrasive pitrate system, Solubilit : !
data found in the liternturo wers wasd an poipta At vhich & N B
i
\

necond phase appeared. 'The melting point of tho pure saly vas,
used op the 1004 point and solubility of the sult at 21,0 aa V' .
detexmined 1n thip laboratory was used as anotler peint at whioh
. s sogond phame apbesra. Iresring point dnta obtained vith fvessing
: goint oquipnent b this laboratory was uspd to complete the
lagram. The data obtained wvers ploatted (Flgure 2) and %ho ggint
at which the (%o curves mot af the eutnotic tamperatuve (=9.2°0)
gave the euteobiv composition as 42.5% in hydrasine nitrate,

o mon

The dennities of the various solutiond were debermined with i
the pyoncnsters cdlibrated for use in tho dotermination of the .
orystul denwity, The solutlons wera oooled well balow the
| temperature of the initial veighing and introduced inte the
' gyunomatorl. The pyonnaters wers then set in & dontrolled air
ath and allowed to rine in vemperature.vory alole until they !
' reachod tho denived temparaturoe and woighed, Tha deénaity values B
- osleulated from the data. taken are tabulated in Tablé IV. All . -
values vers correoted to vaouum, , : :

t he- yefraotive index vas measured with a4 Bansch and Lowd
type 33-45-56 Abhat Refyaotometor oupplied with & fiow of goh=
l stant btemperature vater around the prisms. Solutions ranging

P e e e e

et ——

in ooncentration from -eight to seventy-three ngor oent hydraxine
! nitrate waruegrop&rad from dist{lled water and the rofractive

: index measured. The values obtained are plotted in Figure 3.
Tho plot of the values froa 0.00{ to 51,6% h{draulno nitrate

in n ntraight lins and {s suitable as an analytical tool, The
ourve beyond 51,6% bocomes ateeper and if used for analysis
vwill yileld values having an acouracy dependent on the number of
points plotted. :

Th* qethod af Mensly vas used in determining the vapor
preasuro of hydrazine mitrate solutions varying in ooncentra~
tion from six to ssventy-four per oent. This occonuisted in
isolating the wsolution and its vapor in the reservelr dbuld of
an fsotensscope by introducing a liquid having & very lov vapor
pregsure into the U of the isotenescope after the atmosphere ) )
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over the solutiun had been avept clear of other gases. The
reasure of the watoer vapor over the solutions at various
ompoxratures vas measured with an open ond mergury wmancmeter.
Smooth curves (Figure 4) vere obtained from 30°0 to the atmos~
pherio Enuuu boiling points of tho solutions vihtoh ranged .
from 10190 for the 64 solution to 11790 for the 74.3% aolutioa.

. TABLE IV

DENSITY OF AQUEOUS HYDRAZINE NITRATE
BOLUTIONS AT VARIOUS TEMPERATURRES - -

\

- Fa¥ Cent ]

' ‘Hydrasine : .
Solution Nitrate 10%0 1590 . £0°0 2590 300
I ' 5.5» : - 1.0242% 1,022 1.0211 11,0101
IX i 1.0464 - 1,0 4; 1.0'&3?! 1.041% 1.0333
11T 1. 1.1048 1.1023 1.0998  1.0963 11,0931
¥4 LEE L Lgn lnn boe

vI 73,8 e S 1.3041e 123339 1.3797

¢ Dennity at 1¥°0
4% Danaity at 219

All values hwo s standard deviation of § 0.0001 exoept 73,58

at 2190 09). and at 30°0 0.0008) and thlb £ th
21,78 at %Og 4-& 0002). (t g ° ‘

ww .. .
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' @ Volues obtained in this lab,

- 4 Values obtained in the
literature. .

L. © Volue of o saturdied solution : -
prepared in fils lab. ‘

e ————— e e, ¢ Rt
Lt oAt Py

Temperatere *C
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EXPLOSIVE PHOPEITIES

( Samples of pure hydraszine nitrate und hydrasine nitrate
contaminated with nand, steel fllings, hydrazine nitrite apd
hydrazine dinitrate were tested tor impact, friction and
detonation sensitivity.,

Sauple F;o ralion, Eydrasine nitrate vas fused in vaouo
; , ! to remove a qﬁéai. tava sand orushed to passy a 100 wash
i soreen &nd filings from #1308 ntainless atesl were uacd a9
L fine particls contmminanvs, A atandard hydraxine nitrite
- wolution, freshly prapared from dihydrasine yulfate and barium :
J ‘ nitrite, was added td & veighed amount of nolid hydruxine nitrate .
‘ via burette, The resulting snlution vas evaporated and dried .
in vagup at room temperature and used as the hydrazine nitrate
- menple oontanpinated with hydracgine nitrite, ftandaxrd nitrie
' acid solution vay added to solid hydruzine nitrate and the
. i resulting solution treated as above to give & sample conteami«
nated with hydragine dinitrate,

mpaot Sensitivity., Seneitivity to impaoct vas determined
Zalmaar

_ uning fI5d " Bureay of Minea Impact Nachind (oup methad). |
. The [ire-no fire point was debermined and used for vumparison

purposes. The inpact sensit.vity of standard usmples of tetryl ;
and oyolonite vore deternined at the time the Lydraxine nitrate
sauples vore testoed, .

The impact sensitivity of pure fused hydrasine pitrate vas
found to be & funotilon of the average panticla nize (Tuble V),
The senaitivity ranges from that tetryl (Weatern OQertridge Lot ]
No. 230-6300, Iwpact Bens. 80 ow no fire, 82 um two fires out L
. of ten trialy) tn that of ayolunite §Wuntorn Oartridge Lot No, ;
; 27B~151 Iupaot Sonu, 48 om no fire, 50 ow one Cire oub of five !

i trials). Thirteen to tWwenty~six par cent sapd inoreased the \
; ’ senult vibi of the salt to that comparable to fine morou:z

: fulminate (8 cm) and four per cent steel filings inoreansd it
to a point comparable with dextrinated lesad llidl.£19 om). )
Hydragine dinitruto and hydrazine nitrite inovvased the

sonsitivity only elightly.

otonation Sensitivity. “The detonation menaitivity was
detorming e uao of & sand bomb, varying amounts of
weroury fulminate vere used to detopats four tenths of a gran
of hydraxine nitrate, the awount of sand oxunhed indioating the T
aboonce nr gompletaness of detonation,

5l Pure hydrasine mitrate vas found to be wlightly more ]
. . ;onlitivo to detonatlion than tetryl with roug-ot to meroury )
ulminate am an initiator but the pover of hydrasine nitrate

: . 168 ' )
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to be luvgn thay that of tetryl, Fach of the contaiinated
sanples exoopt the sample ountaining hydrazine nivrite vas as
penaitive to morour¥ fulminate ay Lne prro salt, As expected,
the oamples oontsining sand (13%) and steel filinga (4f) vers
not as poverful as tha original 8alt on A weight for weight
basis. The sand and otesl conteminants did not alter thy
vopagation of the detonation through the aslt, One per oent
gydraaino ritrite coptamination gave & material less sensitive
to meroury fulminnte and slightly lens powerful than the pure .
salt, One por nont hydrazine dinitrate oontamlueilon d1d not
alter the meneitivity, but Lhe resulting material was slightly
less poverful thap the pure galt, The dinitrate salt interfaersd
in the propagation as A4 partisl detonabtion osourred Lor bue

et of loadlings. :
TABLE V

INPACT SENSITIVITY OF PURR RYDRAZINE NITRATE OF GONTROLLED
: PARTICLE SIZE :

Tnber of Tires

Sieve 3ige Height at which at & point tvo
. Pangey Teld ‘no fires caourred cm &bovae the no~
' Through By out: of ten trials Lire point
Sample (M) (M) _{om) (Fivea/Trials)
- ' 840 80 - 1/10.
2 . 840 590 7 . /A
3 590 297 0 1/8
B 297 125 . 2 . 1/7
5 125 pon T 48 1/10

Friction Sensitivity. 'The aenuitivity of hydraszine nitrate
to rriotidn wan determined using the Ruveau of Mines Type A and
Type B Pondulum Friotion Deviocos.

The Type B ¥riotion Pendulum Maohine would not fire any of
the samples of the ealt using a nteel shon as the boh on the
pondulum and s atowsl anvil.,

With the Type A Fendulum Frivtion Muchine, a local oraockling
way heard 4in five out of ten tiials using five grams of tetryl
on the stesl anvil and using a nlesl shoe ag tho bodb on the
pendulum, Using the same setting of the machine, hydrasine
nitrabe detonated twice out of five triala and leoal oracklin
was heard each of the five times, Tho ateel shoe was replac
by & fibre shoe and using the same setting of the maohine,

169 ' 3
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{ hydrasine nitrase di1d not fire ten out of the ten trials.

rntu nteuﬁ. 418 more sensitiva to mocm than
am-{ M the Bureau of Mines Type A Pendulum
ion Hoh&n [ 1Y

TOLXMORPIUIAN OF NLOHARIER NIZMAZR

| The study of the polymorphism of hydrasine nitrate vas
. approached uaing wiovesoapic aohniques,

; : Two polymorphic modif: fioations of rasine nitrate were
. ! found to exist betveesn =700 and 470,770 a% tuolphoﬂo pressure,
: ) : The forms comqwto & Form I melting at T0,79C and s Porw I
melting at 6 o The system is monotropic st atwospherio
pressure, 1.... Fors II 18 unatable and reverts to Form I, the
TOVrEe N0t beirng t.ue,

) The hydrauine nitrate melt mn-mn: oooled inde-
ndent of hov rapldly or hov low the tmm \\n vap dropped,
¢ solid thnoton uud in-oah the uuuz ™ II i
lodi.r.‘.o %on on coeliu unun ded betwesn 62.% nnd 70.7“0.
The transformstior from I I resulte in sumerous irreguiarly
. #spheed lhl'iﬂhg ouokl mun the uum of Yoru I to be
wucor than ¢ l o nitrate 1 prepared from
& fusion wountl.on ﬁthout the )‘oﬂ Il moditica-
tion, appeared ap vods apd ol.cop ce ph o,

Rydranine Mtnn I1 oryetallined from the welt as feat

rods and droad p 0n trensformation to Yorm I, the gsenere
. : outline of euu I'!IMI formation wes wetained ip outu.u with

. the nev form conet suting the um\mm inside these outiines,
thus nhlbit un! pummnht Investigation of iven
. S "Y1 -toroloopo vill am Dg e the cryste m-m,
{ to tho ubont of {rdicating whether o 1t passed through
the unstable Porm I in its m-opnn on.

Porme @ and II wers found to cosxist at Lemperatures Belov
=309, A fusgon wmnuoa oryatallised as Forw II va» yeeded
vith Yorm I, When ¢ MOstormion front m ruohul the
senter of tue uuu. tln slide vas ocoled vapidiy on & brass
000ling bar, rmﬂne this operation eoeling to lover
and lover ¢ ures, it wvap roud that the rete of trans-
tomu.gn u luu ubder the ltol'on ntg. ohed sero at

; speratures belov -3 t¥o) forms existed
lud -m vnhout any visidle vreansformation.

il e,
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LARQE-SCALE MANUPACTURE : ,

The laboratory proparations of hydrazino nitrate by the
neutralization of Kydrnn:na with 41lute nitric neld indicated
that the reaction wes quentitative and capily carried out, The !
exparishoe gained in making laberatory bautohos of hydrasgine: . e
nitrate was used in developing a. wothod believed to be applicable . .
to large-scale manufacture, | ) v

. Pilot Plant Operation. A pilet plant run of the peutralg= .= - - -

1 b gatlion reagtion vis mada i & small stean-hoated, stainless! 0 e
steel kettle at atmospheric grenuuro in ordey to obtain data S i
that vould be usoful in the dosign of a largo-scale operation, . . |

The pilot plant run indicated that the neutralizantion reaction - t

" wa8 an acceptable one, but that more information as to the o

effout of reaotion temporature and feed copventrallons was

; \ necagr:rga Other information obtained from the pilet plent run

' "shoved that in the engineering delign of & large-scale plant the

. maln problenm would be to separate the nalt frum the vater.

< Rosctlon Temperature Fepd Concentration Studics.. In order . l
. to detbPiilne The Lomporature LimitAtions for producing hydrasine - i

!

!

3

1

nitrate, studlos wore made of (1) the desomposition of the salt
10 aquavus solution at various temperatures and (2) tho percentage , .
Y yield at various roaction temperatures, . . S

YT

- Bamples of S4% ayueous hydrazine nitrate solutinn wore
) i prnpaﬁed with C.P. salt prepared in this laboratory. fThese
| samplbs were refluxed at various tewperatures for ninety hours, -
; . Thers waa no loss of material in theme samples,

]
|
_ . oL
Solutions or 85% hydresine nitrete were neutralined with 708 - ; o
nitric noid at a fairly rapid rate, fThe heat of the remcticn A .
rained the solution temperature to over 130°0. The yield of !
salt veg found to be 100%. - . : : i
{
l

! : ‘ l n 1noer1nF Study. A series of caloulations vers made to

{ deuer%Iﬁo the oxenpe?% method of avaporation on the basis of !

. © initial cost, coot of opsration, and ovorall anfety. Ie\hods CH

oonsidored included atmospheric ovaporation, triple effeot T : o

evaporation, vacuum ovaporation, spruy drying, prilling, film ! h]
flashing, and salting out with a8 water misoible solvent. The X

u%n le ntage vacuum evaporation method wam aelooted for further -

study. . . . * ' X

The vacuum ovapbration method has a low equipment coet, | 7
is simple to design, tnd oan be operatod at & lov temperature, . I 4
!
|
1

The low temporature is dcairable from a safety standpoint,
Bench scale operation of this method 4s contexplated,
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THE ANALYSIS OF MYDRAZINE
o

Jonn D, Olark : .- -
Naval Air Rocket Test Station

"

Yarioua mothcds of rnalysing hydragine are discussed; Mnd sowe
of thel:r sherteomings arv pointed out. The method used & the

U. 8, Naval Alr Rooket Test Station, based on the quantitative
oxidation of hydrszive by Chleramine T, is desoribed.

Thero 1s no newd, st a rymposium on hydrazine, to point out the
imgortnnoq of an acourate nwsthod of analyais of the materisl, I
intend wavely to doscribe the method used, ap a youtine Brooaduro,
b{ the Propellants Luborstory of the U, 8, Naval Alpx Rooket Test
8 ationé und to indicate the results which may be obtainsd by the

use of this proocedurs,

Bydrazine L8 to be assayed for its probable major onnstituents
---NKE wvatepr and the matorial itaself, Hydrasine fe Loth & Lase.
(a 11 510 veaker than ammonis) and & reducing substance, and the
apsay uay involve either or both propertles,

It it 1a to be ussayod as A bass, the nimplolt‘nothod is a
baok titration with s strong base, such as NMaOH, after the saaple
is diluted with a known quuntity of a stron id Thia method i

a
.praferable to a forvard titration of the maeerinl after dilutien

vith wvatey, s.nce aseidental oxidation and evaporation of the
hydragine in preventod, The end point may bs found either with a
pll moter, or with an inailcator such us Brom Oresol Green. ® _
PH of the end point, with a totAl weight of hydrasine of i mg in

a final titration volume of 250 co, hAs been caloulated to be 5.12.
The msthod has been adapted from & routine progsdure used by the
RAF (Ref 1) and by many other activities., It 1s perfectly strsight-
forvard, and gives excellent results. The obvious disadvantage 1s
that 4t does not distinguish betveen hydrazine and ammonia, and

some other prosedurs is necessary to make that distinetlion,

The direct titration of hydrasine vith Lodine has been
suggested as sn analytiocal method, (Ref 2) and has been tried at
ITARTS with oompletely unsatisfactory results. The main dissdvantage
is that when hydrazine ia oxidized, nitrogen is evolved, vhich
sveeps out some of the volatile 1oaine, leading to an erroy of .
unknown sire. Ceveral variations on the method huve bean tried,

vith no suocesa vhatever,

v
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Another procedure has been recommended by the Naval Research !
lavoratory (Ref 3) as an "Umpire" method, Hers ths hydrazine is
oxidiped with Lodate oy bBrowute in a atrong EOL aolution, us :
4s an indiocator either a chloroform layer or an.internsl oxidation-
reduction indicator, The total reactioa is :

WaRt + K103 + 2 HOL = KC1 + 201 + % + '3330" ,
B~ 4 103+ 6H' ® 320 + 1o -
f1g+ 0L 3 102 4 o~

' An may be ween, frus Ip is present at one stage of the 1

‘ resation, A test with sterch Paper showsd that the Ip is avept | o !

¢ oul with the evolved Ny, -Just a8 in the direot Ip titration, with N S

1 a4 oimilar inherert error, Various agencies, hovover, use tho " X
mothod, vith veportedly satisfactory vesults. The ususl axpedient .

1a to foe the titrated sclution in order to rsduse iLhe vapor

prasnurs of the 1odine, but ve at NARTS sonmidered the expedient

to bs a nuisance and no guarentes of the ocompleta olimination of

lodine losces. . .

1
. . . . . !
] A prodedure using ceric sullate and dichromute has bson. employed ,
, by Kellogg with excellent resulta (Rer 3 and %) but vhen it vas '
| tried at NARTS we found that the end point was so hard to see that i
I we dld not sonsider the msthod suitable for routine work.
| erman metho L] nvolve o titration o A i
} A O thod (Ref 6) tnvolved the titrat £ NoH, with :
; Chloranmine«~T, but no details of the procedurs were givon. Hovaver,
; . 4 satisfootory annlysis has been vorked out at our Propollonty ‘
{ Laboratory, and has hoan used with excellent results. Ohloramine<y e
: has the roilawinu struotural formulat :
\ . - -
b

- OHy :
nt . .[
0w8-0-
.
: L cl Jd o
. which may be abbreviated as followus
R=NOL™ +Na* . , | , .
It resots with hydrasine socvording to the folloving oqunﬁionn :
SR« N-01” 4+ NgHy = BR s NH™ 4 '+ 20074 Wy

’

7h | . }




|
i
E
i
|
i,
i

N
.- “‘W“-,""“ﬂ"

. h
1-‘-

173 ’

..;

a

- " T PRI 77~ *=—i SO WA r
—'W —" X ' . L
' .5“ '

L
Y

A potnssiwuiodid&qtarch indlcator is used to shov the end point,
and tha titratlon is run in the presence of bloaurbonate in order
to neutralise the MGl formed and to aocelerate the resotion,

Our complete prooodurO‘ii then the r§110v£n3|

M&ﬂ&l

flro 1N H 80y aooordins “to tooob.o' nroocguron, snd -
atnndard ] nglinn nnaco, prinary standard (.of .

r- are 0.1 N NaOH by diluting a saturated -olutton of u&dn
(15 Hi 0 times with distilled water, Then atandardisze the :
solution against potansium aoid phthalate primary standard (Rof 8).

Prepare 0.1 N Ohlorsmine ? asclution bI dissolving 1/20 ym
molecular weight (M,W, = 281,17) in distilied veter and dilutlna
to 1000 al, Sorupulounly olean 314|awarn sust bs uuved and the

nolution must be protected from ust, greass, and organic matter

in general,

To standardize the chlorlmino T solution Add wvith lfirrln
exactly 50 ml of the 0,1 N Chloranine.? lolutio
to 4 solution ocontuining 50 ml 0.5 N KI solution And 20 ml glaciel

acetio aeld,

Titrate with 0.1 thicsulfate lolution to the disappearauce of
the I, oolor. Stirch solution may be used if delirod.

Normelity of Chloramine T s

plof | ommmmmm

-An 1ndiontor solution for hrdrslino is rrogurod by dissolving
60 gm NaHCuy and 40 g KI per liter of diatilled vater,

Erooedure
The perosntage of total base es X may bo determined as
folloves : glly mey

6, Drav into & 1 co tuberoulin syringe about 0.8 gu (0.8 ll)
ol hydrlnino, and veight to 0.1 mgs,

b, the contents of orringp, vithout vtlhin! 1nto [
200 ml volumo rio flask vhioh contains 30 ml of 1-¥ M 5:
boiled distilled water to within one 1noh of the dilu ion park on

et i bew tl Y.

n to be ueaudlrdfntd,.
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the flask, Quickly stopper lnd J.nvort the flask to mix the oontento,
and dilute to the mark, , LA v a

6. Weigh the ompty lnmn. The dltr»nu of tho tvo
vu;hingl 1.‘21-,. vouﬁe of tho unp:lo ukon.

4. Bring the volume of tho nm- up to P00 ml with boiled .
distilled vater l.nd shake to enaure houmogeneity of the -olution.

" Pipette & 10 sl aliquos into & 600 m) besker md add about

8,
. 200 m ‘of boilod distilled vatexr,

£, Tityate the solution vith 0.1 N NaOH to & p! of 5.12 with
the finel volume of molution about 250 ml Brom orexol green range
4,0 - 5,6) indigator may be used in place of the pR meter, but 4
the pH meter is employed, the same oump).o may be used for the
dotorminabion of Ng e

& Celoulates
Percsut total base Ngkg .

(nl 804 % N Ha80
20 (waiivitlion fa¢

or, »

(ml_#,30, x M Ho80, < 20 x mL NaOR x N NeOK)
" wt sample

. x 3,2048

* The perocentage of hydrasine 1is now dotu-nintd by tho rouoving

stopm:

8, Alter the soid-base titration add 2% ml of indicutor
solution for hydrasine to the oontents of the beaker,

b. Titrate the solution with 0.1 N Ohloramine T to an iodine
end point, uu.n_g starch solution if desired,

0. Oaloulate parcent hydru!.nu.

% NgHy x 100
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or, .- :
% NoHy = m) Chloramine ™ x N gh%oglgigo T ¥
) R . VV‘ sapp 0 ) o ] )
Caloulate percent Ny - T
’,“RB . 5* (% total base  § hydra:lno).z
" The percentage of 1,0 may then be determineds
$ Hy0.2 100 = % NoHy - § NHy

. Reswlta

In practice, the procedure desoribed has turned out to be
oompletely satisfactory, rapid in gperaticn, and preoiss to 0.1
percent. The Chloramine~T titrant appears {o bo quite passably
stadble, and a veekly standerdization is all that is necessary, It
munt be emphasized, however, that gompletely olean glassware must
bs usod to aake and to stors it, A trace of stopoock grusse will
apparently catalyse the decomposition of the material, and the
;obutign will froth se violently as to spray itwelf ai1 over the

aboratory.

Beferencos "
1. Roysl Alroraft Establishuent, Report #1047 (RESTRIOTED).

2, Kolthoff, I., Journal of the American Ohemical Soolet
46, p. 2009 (1924}, "’ °° T

3. Penneman, R, A, and Audrieth, L. F,, Analytiocal Chemistry,
20, p. 1059 (1948}, ! " !

M. M, V¥, Kellogg & Oompuny SPD-148, March 1948, p. A7.

5. Dernbach, 0, J, and mnng, J. P,, Industrial snd
Englnvering Chemistry, 14, pp. 58-60 (19#8’.

6. M, W. Kellogg & Company, op oit, p. 46,

7. Kolthoff, I. N, and Sandell, B, B., Textbook of Quantita-
tive Inorganic Analysis, pp. 545 - 550, Maomillan (1949).

Bo Ibid. pP. 550 - 55“
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L - .ANALYSIS OF HYDRAZINE MIXTURES 7 (
. : | ..- ) N . ) A . - . b, . . . ’1
b John ¥. DeVries and E, 8t. Clair Oantz ;
U. 8, Naval Ordnance Test Station i

: !

Presented by !
John E, DeVries - o ;

In tho search far materials that wmight improve the parformance i
of hydraszine as & liguid~fuel oomponent for use in ligquide-propwllant
airoraft rookets, amronium thiooyanute was added to nydreazine with
certain desirable results, One of the most Amportant features of :
this additive vas ita effectiveness in lovering the rroazing polnt :
of hydrarine, It waa soon apparent that an oxtensive investigation
of hydragine-thicoyanate mixtures would requive carveful analytiocal
control., The nature of this mixture required that exiuting .
motheds for anslyzing hydrazine and thicoyanate hu modifled and
that o nev wmothod ‘for ammonin be devaloped., This study hay resulted
in the doveslopuwent ¢f two methods, which are desoribed in this
report, The first portion of the roport contains & deseription of
the method for analyaing amsonia in hydrazine; the second, s
description of the wethod for analysing hydrarine-amaonium thio-
oyanate mixtures,

Jrossuze. tor. Dute £nination of Awronis In Evdrasine-Anioniua

1

!, Existing mesthods (Ref, 1 and 2) for determining ommonis in
hydrazine wore not satiafactory when ammonium thicoyanate was
prosent. The Andrevs-Jamlieson method (Ref. 3) for determining
hydrasine and thiooyanate has been used as a titrimetris mesthed of
analysis for these materials, as desoribed later in this report,
8inoce oxidation vith todate ylelds nitrogen in the case of hydra-
rine and hydrocyanioc nold in the case of thiceyanate, it appeared
feaslble to dotermine awnonia by use of such an oxidotion as &
froliminsry step. The tve oxidations are represented by the follov-
ng equations:

- ———— e o
e

o O OSSO it

e

| NgRy+ 1037 4 2017+ 2H o Ny 4 101 + 017 + 3H0
HBON" 4 610," + 601" 4 Bif' —s NS0,™" + 6IC1 + LHON + 2H0
BI purging the system with ailr rolldvinftbho quantitative .
on

titrat vith lodate, 1t is mseen that all nitrogenous compounds i
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SECURITY INFORMATION '

.-u—»rmw*ﬁ‘."\ — T

e et nbe Ty




CONFIDENTIAL

other than ammonia are romovable, A sinple additional) step vas
found nacesmary for removal of the iodine monoohloride and excesn
lolate. This was oonvoniontli aoccomplished by adding or{utllu of.
godium sulfite until the molution vas colorless. An ordina

Kjeldahl distillation of ammonia.-vay used to complete the determina~

tion,

Reagents, In the determination of ammonia in hydraszine-
anmoniu Eﬂiooyunata mixtuxrsuy by the method desoribed in the
precoding paragraphs, the following resgenta ars * odxl

Rydroohlorie aeid, concentrated, o,.p.

Potassium lodate selution, 0,1N

Ausrenth indicator, 0.2-percent agueous so.ution
Sodium sulfite, o.p.

Pytassiun hydroxido wolution, 1ON

Hydroohloriv aeid, 0,IN

Sodium Hydroxide, 0,05N

Mothyl red indiostor

Appapatus. The following items of upztratul are required to
detormine &ninonia in hydrasine-sumonium thiooysnate mixtures by
this method: _

Gless tubing with fritted-glass tip
Gas tubbler

Kjeldahl distillation spparatus, using 500-ml
JKJoldlhl flask !

Bupets, 50-ml
Pipots

ogedurg. Selsct & sample of such a sire that an aliquot

vill furnish a maximum of about 0.5 milliequivalents (meq) of amaonia
(10 mﬁ of NHy), Pipet this quantity into a flask contain ni 25

of 12 hydroahloric acld pluy enough water ac that the rinal volume
(acid plus vater fluu sample) will be 70 ml., Immediately 8dd from
a bure ufgroxlml'tlv 0.1N potassium iodate solution until the
oolor of the solution has progressed through a desp brown (10d1ne)
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' to s light yellov hue, Then add tvo drops of amaranth indlcator
and complete the titration to tho disappearance of the pink color.
Begin bubhling air through the molution 4t oncel, Aftsr 15

minutes add sodium sulfite crystals until the solutlion bLegoues
golorless, Continue the .air purge for an additional 15 minutes. )
Tranufer the solution to a Xjeldahl flask; rinse several times with
distilled water; and add 50 ml of 10N potassium hydroxide.

Complete ths usual Kngdnhl dietillation, receiving the distillate
in 20 m1 of 0,1N acid®, Conclude the determination by titrating

the standard agid plus distillate vith 0,058 alkaly, using methyl

red indicator,

The aoidity must be carefully oontrolled for best results
in the Andrevs-Jamieason procedure, If tho above titration requires
more than 40 ml of lodate solution, an additional 5 ml of hydro-
chloric acid should Le added (at that polint %n the titratian),

The final acid normality should ba 2.5 to 5 (Ref. 1 and 4) to
ensure quantitative desaction and 4 shuarp end point.

Rosults., Thée results of the analyses of soveral synthetio
samploe are shown in Table 1. The analysos of the samples in
CGroup 1 vere mudo using 5 ml aliquots f'row a atandard ammonium
thiooyanate solutilon for which the ammonis content had been )
detormined both by the Kjeldnhl procedurs and by titration with
stendard gllvaer nitrate, Hydruzine vams sdded to those ssmplos by
dirvot addition of woiglied amounts of hydrazine sulfate. The . )
hydrasinoe sullate alone had heen analyzed by this samue procedure [
for amwonia with no amwonin deing found, Hmaller amounts of amsonia :
vore determined, ao indicated in Quroups 2 and 3, with very little )
saorifice in precision. Samplea oontaining mors than 3,0 meq .
(redox} of nmmoniun thiocyanate (38,06 mg of NHySCK) oould not - X
be anaiyzed by this procedure. '

' In all casos attempted wvith higher amounts of thiovcyanate,
results vors high by as much as 0,03 to 0.05 meq, It vos found 1
in theso cases thet ammonia was being gonorated in the oxidation .
medium, ¢ither through oxidation or hydrolysis of the hydrooyanio '
acld, It dppears that above a certain lovel of conoentration the ,
hydrogon eyanide cannot be removed vapidly enough to escaps partial

ohange to ammonia. ?

1 glass tubing with a fritted-glass tip 1s roconmended as a bLuhbler, -
The air should be passed through a presorubber containing 4il., HOL. !

2 "pisheyes” were used as boiling chips, They vere washed and dried
in the oven for resuse,

180 ;
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TABLE 1

- ANALYSIA OF 3YNTHETIQ SAMPLES CONTAINING HYDHAZINE BULFATR
AND AMMONIUM TOIOGYANATE BY THE 1ODATE-EJILDAML METH

: ﬂngplo : Volume of HH;"I?und
1, - o. -
‘ )i S _Hog PR % —
Grou 1. Ssmples centainin 0.1 of N H,'R,80, and 36.8% mg
. ol mﬁsw(o‘fsu.;eq? 8.24 mg of Nh,; anf g Of’;l 31‘ NB,?‘ .8
1b 0.482 8.21 6.00
_ 0.487 8.29 6,06
! : ’b 0.485 8,26 6,04
; 1 0.489 8.33 6.09 .
3 5:430 8133 8:98
T o:u8h 8.24 6.03
droup 2. Samples containing 0.1 g of ¥, H 30 and T7.37 mg of
RH}, 800 (0.0967 moq; 1.65 ng gf NH;? wnd £ glﬂaofu
1 2 0:007 1.65 1.54
3 0.0 1,67 1,56

-

Gronp 3. Souwples containing 0.1 g of NoXy'Ha80 smd 3.68 mg of
uEIuSCN(o 0484 wmoqy 0.82 mg of m’,f and 8 # 2 4

1 0,044 0.7 L 0.72
2 0.046 o.g : : 0.75
by 0,047 0.80 0.T7

& Churaoteristiocs of the ssmples in Group 1 vore as followss:

1

: Average NHx found, % S.0%
Standard de'untion 0,032
Standard deviatinn of msan, s 0,012
Confidenoe limits at_95% leve 6.05 ¢ 0,03

Coafidence limits = X & ts,,t3 2,447 for 6 dogrnu of freedom

U Rydrarine sulfate not added to those sam {lon, percentages are
axpresssd on basis that 0.1 g hydrarine sulfate is present.
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Procedurs for Detarmination of Hydrazine and Ammonium Thiocyanate

The Volhard method for detarmination of halides serveq, with
ninor variationa, for the dotemnination of thiooyanate.
prosence of hydrazine requires & strongly a¢idic solution to prevent
hydragine from acting asm a reduaing agent. Where reduction coourred,
nitric acld could be added tn cause the return of the allver to

solution vithout any error, .

The Andreve-Jamieapn mothod for the titrimetrio determiaction
of hydraszine is widely uced, but the reaction of lodate with thio-
oyanate 1s less well known. . - -

The reacticn 1s.an follows:

4SON™ 4 6104~ + 6OL™ + BH* —» 430477 + 6ICL + HHON + 21,0

The identical conditions can be used for titrating both
hydrezine and thiocyanutes so a sinmultaneous determination of theass
tvo conntituents appearn feasible, : :

Reagents., The reagents used in tho method developed for the
on of hydreszine and awmnonium thlocyanate ave as follows:

84lver nitrate, 0.1N
Nitric acid, concentrated, o.p.

Forric alum indicator solution uathrstod
Po,(30y)y * (NHy)n304 + 12Hpd

Ammonium thiocyanate, 0,1N

Hydroohlorin ucid, concentrated, o,p.

Potassium lodate solution, 0.1N

Amaranth indicvator, 0,2-percent aqueous solution
Carbon tetrachloride or chloroform

A%ngrntus. The following items of apparatus are required for
the determination of hydragine and smmwoniwa thioo:nnnto:q

Burets, 50 ml and 10 m,

L

&

T

-Pithl .
Todine flasks, 250 ml capacity %
{ 182 l
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Procedure for Determining Thicozanute in Pressance of Hydrasz
Wolhard],” Seleat & ncriple of such u size that a gonvenlent tliquot
w111 furnish approximitely 2.0 meq (150 mg) of ammonium thlocysnate,
Pipet this quantity into an lodine flask contalning a5 ml of 0,1X
nif:ur nitrate, 10 ml of OGN nitric woid, and 2 ml of ferric alum
indiocator. Immadiately titréte with 0,1N amvonium thiooyunuevli.

using A 10 ml burst, fleoting end yoint appears approximate

1 porcent befors the cquivalence point. Mako asure that the final

end polnt color is pormancont and does not dissdpear even after

reaoved,

Llooyanate-hydrazing nixture (& waximum of

ol of chloroform (or oiurhon tetrashloride), Imumediatoly begin

titrating with 0.1N potasslum lodate sand ocontinue until the aqueous
layer begins to chunge from a dark brown to & light yollow hue,

At this point adad the lodate dropvwise and shake the solution
I vigorously after each addition. ‘he end podut 4s indlcated by

i diuaggeuranoo of cclor from the solvent layer. ‘he stopper should
26d with a.small amount of water each time 1t Ly reuoved,

I bew
. An internal indicator is equally suitable for this

: titration. Four drops of amaranth indicater (0.2 percent aqueous
i solution) 1s used inntesd of the onganlo solvont indisated abeve,
If this same molutiun 1o %o be used subsequently for the deterwina-
tien of asmonle, the use of organic solvent as indisator is to ba

avolded,

of 5 moq bo titrated., An aliquot containing 5 roq of & li:l (b
velight) sample of hydrazine and wimoniwa thiveyanats would ocon
approximately 2 meq of armonium thiocyanate on a redox basis

aa well as for the latur dstermination of emmonia.

To check the scourasy of the method, standard solutions

of ammonium thiooyanate and of hydrazine sulfate vere titrated
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strong shakling., Use procaution inm removing the stopper {vom the
fodine flask; apply a lideral etream of water aw the storper is

Procadurs for 8imultanaous Dgtgrminnt;o? ¢f Eydrarine and .
g?ioqxﬁpata (adrows =Jniiunoinl, Pipot an allquot of Che smwonium
th 5 weq on & redox basis)
into o glnsg=stoppered flaak containing 25 ml of 12 hydrochloric

acld and endugh water so thet the finsl volume 1s 70 ml, Add 5-10

Results. In the Andreva-Jamieson method for the determination
of total hydragine and thiocyanate it is recommended that a maxixum

{ain

(1.e., 0,3 myq on & neutralization basis), which is suitabls for
oubaequent ammonia dotermination. Thus one aliquot serves for the
Andreve-Jamleson titrimetric determination of hydrazins-thloocyanate

individually ‘end in ocmbination, 7These data are shova in Tables
2 and 3 vhere & comparison of titration volumes shovs agreement

m— . —— - ot o ot
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L " TABLE 2 : ";J
-rrm-uon DATA POR ‘NIZTURES OF AMMONIUM THIDOYANATE A
C ND KYDRAZINE bY JAMIESON MXTHOD LR
. ‘ : - . Values in milliliters !
“ Saniple _ ) TK me :
P ‘ No., 4 nl o ): a- IGEI . Dz l' “h.“ 55]. 3
! standara Ni,SON . Standard N 'Heao,‘ solution pifia™y Rl ‘
; 80lutio otutlon of NH,SCN_solution :
¢ : 2 18,80 . 10.76 . 29.88
3 1872 1073 29,53 -
1 | ) 18.80 © O 10.7% ‘  29.87 f
; . Av,R 18,17 - 10,73 ' 29.558
.. sta,Devs 0,081 - 0.032 0,045 i
' | !
’ 1
& Titration A + titratlon B = 18,77 + 10.73 3 29,50 i
Titration ¢ (comdbined A and B) n 29.55 i
: i
|
!
.;_
P
; 184 ’
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| B | _ _ o TABLE 3 . : {
o " PTITRATION OF MfOOYMAﬂ ’ '
BY VOLHARD MRTHOD® . : ) P
| | Voo o
( - — :
; Sample Standard thiooyanats re M
: Noo . . uilooyanate ’
! ) A, 10 1 etandard - . solution plus 0.4 g
e — Shig0yanate evlutdon hydra:
‘ . 1 1202 12.76 R
+ . . ' e . . 12.76 . 12.76 '
‘ 3 12,73 . , 12.7% |
% 12,69 - - 12.70 ?
A ' . i
- S 12.73 . 12,74 !
: 8td, Dev, 0.029 o 0.026 i
4 : |
, : % 15,00 ol of silver nitrate added to each sample |
V ' I
: . b Titration A ® 12,73 + 10,00 ‘(originally added) i
. 22,75 total . ;
l .+ Titration B = 12,74 + 10.00 (originally added) ]
. » 22,7% total \
|
| | :
1
|
|
185 ' T
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within a few parts per thousand in all cases. Additional reliability
iy provided in the comparison of normali.ies of the thioo{auto
solution as estadblished argentometricslly snd lodometrica 17.7 s

The normality of the amuonium thigoyanate solution based
on the data shown in Table 3-(Argentonqtrto? {s 0.0773. The :
normality based on data shown in Table ? (oxidimetric) 4s O0.A671M,
vhich converted to argentometris basis (factor is 1/6) 1a 0,0772.
The normalitiss based on thens tvo methods are seen to agree .
vithin tvo purts per thousand, ' .

: “&%ﬁm- In computing the amount of hydrasine and
axnondum ocyunate as determined in the sombined Volhard and
Andrevs-Janieson procvdures, the following equaticnms are used:

of NHySGR in orlginal semple = [(ml of AgNOy x W)=~{ul of
:ﬁuscu x“w?f X (mol. wt. of -musom[x .t ;

: : ution factor

Mg of NoH, in original ssmple = : :

[(na ol xxo,xn)- (mo i) Wﬂj
wol, wt, © 40

X ml...mum‘.lam X 'b'ﬁ"ﬂl"f""'
ution faocor

The milligrams of NH, 90K sntersd into this equation wust
be ocarefully oonsidared, The ﬁummr mist be the nuvber of grams
of NH, HON in the originel samplo multiplied by the dilution fastor
for the u:zlo in the Androvs-Jamieson method; L.e., 1t is the
aunber of milligreame of thicoyanate sotually pruen& in the aliquot
being titraved, '

M%&f’.’.&%‘.‘é- In oomputing the amount of ammonia in &
samplo of hydrarine, the following equation 1s used:

~ Mg of xm, in original aanple

= [(n of acid X n)-{md of vase x ] x A0
, . 7 ution fasctor

N .
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st A sazmple caloulation 1s given bolov based om the folloving y)
ol _ ' o St

_Original veight of sasple: 0.5000 g; diluted to 250 ml |

Volhard titrations 50 ml aliquot ueedj 15,0081 of AgH o
- addeds standard thicoyanate roquuod, B.43 M1 o,

Jamieson titrations 25 m1 aliquot’ used; Lodste roqu!.m. 50, 20

dmmonia deteramdnatinnt sswple used as obtained from Jamlieson
titrationt stondard aoid, 20,00 ml: staudard base, 26,86 1

All standard -plutiem are a.unumod to be 0.1! exoept the bn.u,
vhich 13 0,05N, .

Yelhard Mesnod
xm,‘son in original sauple
a [115.00 x 0,2000)-(8.43 x 0. :oooﬂ X 76 12 X 5'07%5'5 " 250 ug

Zasieson Method

Hydrasine in originel sample ' I

« [{50.50 x 0,2000)~ R Jx ;g'g& coom

Azpondo Methiod
m, in original sample

fleo x 0,2000)-(26.86 x o.o5)] X 17.03 X _537;53_ " 55.9% xg

Reforencen

1. Penneman, R, A., and Audrieth, L. F. “Quentitative Deteraina- :
tion of Hydresine," Anal, Ohem, Vol. 20 (November 1948), pp 1058-61, ;

~n

2. Wiabke, Ethyl P, "Doe’mlnnion of Small Amouynts of 'y
;go ;;uonoo of Hydrasine, Ohen., Vol. 23 (June 29%),
PP .

3. Bottger, ¥, "Nover Methods of Volmtrs.c %hams.ell Annnu.
» b7 R, E. Oesper. HNew York, Van Nostrand, 1

!
f
i
K. W,, and others. "Iodine Monochloride im Titre= - ’
|

u.o:;gg 'l‘ripouiun Ant:nony. Anll. Ohen,,’ Vol. 20 (November 1948),
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ANALYTICAL METHOD FOR HYDRAZINE, HYDRAZINR NITRATE,
VATER NIXTURES

4 ..

o ' o : vy

R. D. Dviggine and Bi ¥, Lareiek - .. - .
U, 8. Naval Ordnance Ladoratesry

Presented by
B, F, larrick

The Naval Ordnapce Laboratory wvau Assigned the task of ine
vestigoting mixtures of hydraxine, hydrazine nitrate, «nd vater for
use Ap a liquid monopropellant for guns, Ths physioal, chenmieal,
and eﬁlosivo propertins of & saries of mixztures wers to be ;
determined, OConsoguently, thers vas o nesd for rapld, yet rellabdle,
mathods for chomioal analysis of thesu solutions, Tho methoed
dovelo?od im, essentinlly, a series of aoldiwxotria titrations on
4 single swiuple, TFroe hydrazine, by razoniuns ion.and sanonis way
be determined, - . . .

Dongenty
Ritrio Acid, HNO;, 0.15K, Standsrdise sguinst otendard sodium
hydroxido sclution.

Sodium I-iydrox.tdo; WaOH, 0,158, 005 ~fres, Standardize against
Bureau of Standards potassiua asid phtfialats,

Indicator Holution, 0.00% bromosrescl green, 0,05% mbh'i:
ved, 0,05% bromothywol bluse, and 0.05% phenol red, all dissolved
in 958 athyl alochol. Neutralize to pHB with snadus hydroxide.

Aostone, reagent grade,
Formaldshyde Solution, 3v%, reagent grede.

trocedurs

. 1, Propare & small, thin-»alled bDulb vith a ocolumn of 1«2
6.0« And having a long, ‘,hi.n dravn oapill stem, Heat the tared
bulb gertly over a suall ‘flene to expel part of the aly», Bubmer

the open end of the capillary'in the sgolution to be sampled. o
sbout 0.2 gu of nample to be drawn into the buldb, Remove the bBuld
fron the solution and seal the tip of the capillary stem in & small
hot t.:ln:“‘ After tharmnl equilibrium is reached, veigh the duld and
aon '
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orb ot SRR BRSO BT R SHE S
excoss of sten nitrie rush ]
nuru. M, EAKing sure 30 ‘lplnnv shel 1p Alse orushed,

thres drepa of indisad r ux-ua. he esler should
be pl.n, munm . i" loss Shan

8, Boir the selution meshonicelly, and Daok-818rate with
musu (14 » changen %
1:!:2 u’ "ﬁ “‘.?’{ Rese the millilivers ot
rexide requt

Add 10 nl of acetone and seonSinne add sodiun Lydruxies
ul.\ti.. nmuy At £irss, te lolnuuo e ‘l:!‘ 1iberased by
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N, = normality of scdlium hydroxide, .

~

Ny - norsmality of nitrlo aoid.

The grems of hydrasine equivalent to one RILLLLiter of 1,0 X
a0id or base may be osloulated as follovs: =

1 Ml of 1.0 N woid or base ® 0,03085 gm NH,

l.' " . Similarly for Ammonis, o

i : . e ]

|1 X - 1ol oof 1,0 X acid or base # 0,01707 gm My
1 _

l

P
¢ e

: Then, o .
b gns of Ny ® (M) (0.00708) (VesVyy) - : bl
gus of free MM, = (N,) (0,03205) . (V) = Ny (0.09205) (ViydVe=Vpy) !

. Pus of total NpMy = Np (0.03208) (Va) ) - ‘ l , <
guw of NoHsNO3 « (gms of total Nolty - guy free NoHy) % | {
: . Nt i

, .

! The first step in this procedure oonvorts ¢ll the free

f hydrasine and freo anmonia (or thelr hydroxtdes) into the nitrate |

: salts, The aclid sonswicd In this preaction is 4 measures of the

il froo hydrasine Eluﬂ ammonia. Aoetone readts with hydrazonium {on

; . forming dimethylazine and liherating a hydrogen ion fod each .

\} hydrasonium don, Titration of these hydrogen ions, then, provides - l &
!

1

’ a mossure of tho total NyH) prensnt in the sanple, PForualdehyde
‘ reaots with amuonium lon to similarly roleass a hydrogun lon,
Titration of this aoidity gives a weasure of the ammonia present,

Rosults of ovaluation toasts indloate that fres hydrarine alone
oan be determined with on approximate error of «0.88 vith a standard
deviation of 0,40, Thess figures were determined using saxples
ocontaining about 0,1% grams total hydranrine and asid-base solutions

about 0.15 normal. . - ﬁ

Figures for hydrazine salts alone, vith no free hydrasine,
vould be the samo. Accursoy and praoision values for mixtures of
hydrasine snd hydrarine salts vould be less favorable since the
saaple size is determined by the sum of the free and oombined ;

hydrasine, ) | 1
: 190 3 l
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Table 1 prenents some data obtained in the evaluetion of the
methods, Table 2 presents figures nhovini the eatimated agoursoy
for various ratios of hydrazine to hydrasine nitrate, The valuss
for Table 2 are sstimated as folloves . . .

"}

e ————— et e e e e sl s

L Error for free My 4 ﬁ‘x e il
!-_.' S nrrorréru,nsno,_zgxo:}.\'. . x
{ ,,..' . Where, . . S o ‘ | : '
| ' A » gus total Nolly in sample A

\1 B = gus free NoH, in sauple f .

G ® avarags srror for fres NgHy from Table 1
D ® gus NgHy combined &s NoHgNOy

E » moleoular veight of NoHgNOy

P P = molecular veight of NgH,

: When vater is prasent, tho mample wigmlz 18 inoressed so that all
; esmples contain adout 0,15 grams of tetal hydrasine,

o f
; 1! ' 1' ' '
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| ¢ | ;
A L ‘ TABLE 1 j
,j it .. TITRATIONS OF HYDRAZINE-AMMONIA NIXTORES 1
f.--‘ o su 1 . : - Re ‘ P nt Epror ‘s
K - f ' p ® Fm Froe “;;:h sar Ny - r!'o:"'!‘otllr_ : ‘ R
\: - ) 0. 1801 o~ 0.1287 0.1395 ene 1,00 -0.“’ L R .
'l5 . 0 0aML --- 0,307 023 =e-  -l,00 0,64 e ‘s
] 03 eee. 01380 01386 -=e =079 =036 == -’f
B 0L -- 0B 03 - S0.83 S0ST. -
" 0.43%1 0.0052 01383 0.1386 0,0052 =0.57 . -0,36 0.0
| 0.1361 0.0952 0,1381 0.1286 0,0055 -0.71 0,36 -6,0
5 0.13GL 0.0052 0.,1%85 0.1385 0,0050 =~0.43 =0.M3 -3.8 .
N 0.1806 0.0177 0.1¥06 0,105 0,0177 = 0.00 =0.,07 0.0 :
L
: 0,406 0,0177 01399 0.1400 0,175 -0.50 043 -3.d f
} - Average $ Drror © =0.66 =081 -2.2 }
] ‘ Standard Devistion 0,32 016 2.9
i ; o ' 3
R [ . . L] ]
| | . |
i :
1 |
: f
t
a
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TABLE 2 f
. ESTINATED ACOURAGY POR ANALYSIS OP MIXTURES CONTAINING -
HYDRAZINE, RYDRAVINE n:t'rm'm AND VATER _ ¥
Ratio Sample Welght, =~ ?orunt Error |
Rydulm Grams Hyduuno Hydragine K d::tx.n |
tio ' y
ﬁ Hydrazine lumto Plus Hydrasine Nitrate : -
1. ’ . N
L, w0 : _ 0,15 0.6 - - r
o 11 . 0,16 S N A &
_ ; | . 0a8 0.7 ~3.6 !
", L1} . 0.20 . =0.8 2. L J
. . ‘
' 3'5 ' : . 0026 - . -1.0 "1-‘ : )
| 13 SN 1.8 .2 !
3 R A L 0,36 L 2 .08 g
'i‘ BT I 0.5 - -0.6 i
f' |
| . g .
\ P t
‘ b \
¥ ?
! |
i \
‘ .
L
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TER TOXIOITY OF KYDRAZINR AND EXPER L
THERAPY OF RYDRAZINE POISONING
vy

Versa V, Qole
Pharmacology Branoh, Chemical Corps Medioal Iaboratories,
Avmy Chealoal Center, Maryland

Death from soute hydraxine poiasoning when untresated ococurs
urlz abd is due to oonvaleions, Oonvulaions may be rnnnhd
b; the use of barbiturates but animals receiving the lavge dones
of hydrazine die later despite the treatment. late deaths
£rom hydrasine are assooiated wvith and apparently dus to liver
dumage, With lov dome ohronic toxiaity therse is & loas of
Appetite vhiah is suffiodent to caune some animals to starve
unless they are carefully vatched and force fed or otherviase
egootiraged to eat, PFor inbalation toxigity studies the amount
of rasice dispersed can bot be used A8 & Measure Of conpmn~
tration 12 air, NoGreth et al. Las shown that the determined
valust average only 28 of the nominal values when there vere
animals present in the chamber. Bxposure levels of 300 mg./N3,
76 ng /N3 or 26 mg./M3 5 days per vesk, % hours per day gave
LDgqg'e 1o rats of 27, 50, and 14 hours of exposure. Ap

sure level of § mg, ob the same sohedule ves apparently
haralest to rats and dogs for aix months apd had po effect
except Op cppout; o:d.’oul oonaumption, dm intraveaous “’5%'
are yveported as abou . + 10 the and 28 or 30 mg .
in the rebbit, Intnpou:gnﬁr o's uo’gbont x%o u./k::. o
in the »at and the pigeon, and 60 Bg. » 10 the souse. The
oral LDag s reported as about 150 mg. + 40 the rat,

The development of the treatment of hydrasine poiesnin
vas bassd on the ided of preventing oonvulsions vith o barditur-
ate vhile materials from the intermediate wetadolism of glucose
vers used to attempt to ocounteract the later toxio effects,
ach interasdiate u;.gﬂd onoe on & group of wice treated
vith gluoose 250 mg./mouse suboutansously and opce on Ap
uptredted group of mice., 1f either group gave & longer survival
than those whioh rvoelived & barbiturate alone, the experiment
vas repeated, The results on these c:portnnén are seen in

Tables 1 and 2, It oan De geen that M sucoinate and Na oxalo-
soetate give iporeassd survival time vhen the wice received
dextrose and that Me pyruvate and Na fumarate gave inoreased
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survival when the mice did not receive dexiroze, Thome which
had no effect were Ne citrate, lactate, glutamate, and malate,
Table 3 showa tha rerson fnr selesoting N& pyruvate as the material
vith wvhich tc develop a treatment, It alone vas as good or betier
on susvival time than any of the combinations and when M pyruvate
vas added with another material the combination geemed Detter than -
. the othsr material alone, Tables 4 shows the ume of the combdina-
; tion of thiopental Na and Na pyruvate whioh was able to ohnnfo .
] 100 ng./kgm, of hydrazine from fatal to all aice {0 .non-fatal for
all mice and 125 ug./kgm, from all fatalities to 2/3 survivors,
| The effeots of Na pyruvate are appapuntly not limited to one .
; species gsince guinen pigs shoved tho saume goneral effects. It
] ' 15 perhaps lmportant to note here that Na pyruvete alone is
without effect on the survival time of hydrazine polsoning in
the presence of barbiturates, Presumably any other anti-convule
! nant might replace the barbiturates in the therapy with pyruvabe.
: The meohaniam of action of the pyruvate iy uiknovo but at least
the fatal liver damage was prevented,

i (L) 1n recognition of health hazards to personnel engagod ip
devalopment, produstion, handling, and using & vide varfely of

chemlcals of military importance, anstde from OW mebterials, the
technisal services of the Army, Novwy and Alr Force zuﬁport [
project entitled, "Health I'azards of Military Chemicals," i

¢« 8. Ariny Chemical Corrs Medical Labopatories, Army Chemioal
Osnter, Maryland, have been given responsidility for conducting
inventlgations under the progeot and are guided by the Research
and Developuent Board, Investigations on speuifis chemicals are
inttlated upon request of ugencies involved in developuent
production, handling and using such ohemicals, OChemlcals in-
tonded for ume as fuels, propellants, oxidizers, lubricants,
fire eatlnguishors, explosives, combustion products and others,
rall within the scope of the project, The projeat 1s & continu-
ing one, the "end-itoms™ being (a) adequate toxicity and
meehanium of action data on which mediocal and safety perasonnel
may base vafety, protective and trestment reccimendations in the
vase of hazardous chemlcals {or which safer substitutes are not
available, and (b) "screening" toxioity data, enabling develop-
mental agenciss Lo gselect the least tuxiec from among & number
of ¢andidate chemicals othervise equally satisfactory fur a
given appliocation, '

——— e e e e

This communication is based on studies conducted undar
this project, :
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¢ - TABLE )
" MINUTES OF SURVIVAL APTER HYDRAZINE

. MINUTES OF SURVIVAL AFTER HYDRAZINE
" .- (Aversge of 4 mioe for sach figurse)

No Dextrose Dextrose

] (i:'-,_ \, ’ : ‘ (Aversge of 4 mice for esch rigurp) ! S
b j : -+ nNoDextross _ Doxtross
g R " Comtrol S 79 53 69
| 3 ' : .. Citrate - G.g - 3. .-
AN . - actate : _ Mg' ¢ 2 L
o . Succinate . G . 35 128
S : . - ' ' - '
g : E : [ ' . IARLE 2
b
i
(

. Control . 64 51 . 67 4B 45 62
,_ ] Olutamate : ks - -1

; . . Pyruvate . . 122 119 51 :
R . Fusarate . _ 91 - 86 50

i o Oxaloxcetate - 60 g1. 88
\ ABLE

MINUTPS O# SURVIVAL AFTER HYDRAZINE
(Avevage of 4 mice for each figure) -

Coatrol - 43 671 50 45
1 Pyruvate 27k 323

Pyruvate + 162¢ 154«
Fumarate 182
Fumarate + 150+
Sucelnate 117
gsucoinate+ 1574

* lg Na fumarate and 4% suceinic acid
¢ 44 Na pyruvate

: : TABLE &
Dose of lydrasine (4 mice each tenst)
I.P. Number Survivin
g, . . Jontrol ™ Ereag_a
100 ] -
100 0 &
100 0 )
( 125 0 4
125 0 1
128 0 3
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DIS,USSION ON PAPXRS BY

MR. J. N. MANDAS, Dk, JOHN D, CLARK, MR, JONN B, DR VRIES,

MR, B. F. LARRICK, AND DR, VER3A V. COLE,

THE CHAIRMAN: Thank you, Dr. Cole, ' 3
our papers &rs nov opan for discussion. If you like, Ve
oan tako all the papers of the aftsrnoon group.

MA, GALE: I would like to direot a question to Ir. Cole,

We lave boon oopoerned with the detection in the early
ntagos of hydvazine polscning, We have found that there are
abnormalities In the bloed known aa Heinz bodies which are
oreated as & result of the hydrazine polmoning.

I vaa wondering 1f {our group has dope any vork or made
any study on the possidbility of detesting hydraxzine poisoning
in the early stagens bgﬁblood sanpling? 1n the event of
hydrazine poisoning, hao your group tormulated the dosapes
for human beings of the pyruvate or barbiturate treatment?

DR, COLE: We have made no observations on the Helnx
bodios. My cwu partisular work has been confined to treat~
ment of aocute polsoning.

An far an tho dosage goes, 1t wo far is partly guoas
sork, The podium pyruvate, for exumple, iw not exceodingly
toxio although you van kill an anima with 1k, 1If you give
a nouse one gram ner kilogram by vein instead of wmubouteneous-
1y you oun k{1l him with it. You are fairly safe with the
barbiturate 1f you keep the individual at a level that he
d::g ggtigonvulao and une sodium pyruvate one gram at & time
v uid,

I hope that Dr. Pfeiffer's work with atrolactamide on
semi-oarbazide poisoning will turn out to be aluso effective
in hydrasine poisoning., If that is true, the dosel are
establisvhed.

MR, GALE: Would you give that name agaiu?
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DR, COLE: Alpha phenyl laoctio acid amide,
THE CHAIRMAN: Dr. Lewis?’ '

TR, BERRARD LEWIS (Bureau of Mines Pittoburghza 1 would -

1ike to tako this oprortunity to commend Dootors Haller and

Dexter for their vory beautiful paper, .

: , I vish to ask Mr. Mandas whether he found a break in the -
o vapor pressure ourve of mixtures of hydrasins and nydrasine
nitrate At 51 per uvent hydrasine nitrate sinilar to the adrupt .
chauge in index of rofraction at this percentage.

‘ MR, MANDAS: No, the abrupt change did not refleot itself
in the vapor pressure.

" DR, STEPHEN KROP (Army Chemioal Center): I would like
to add to what Dr, Cole nsaid about our guess work in searching
. for & thorapoutio agent for indoxication by hydrvazine,

Our guess work was fortifisd somevhat by the statements
in the literature that hydrezine is known as a “"varbomyl
, trapping” agent, so wo settled vpon trials of physioloaionliz
o;ourring carbonyl compounds; ohbviously ona mush in a metabolie
' desomponition produst of glucocpe, vig,, pyruvate,

: ) In vegard to toxioity for man, vwe can't get figures on
B that very well beoause ve are hampered by tho laok of

: volunteors! (laughter). The pruotical rule of thumd tha
one mipght use for toxioclty of hydrazine vapor is that it .s
in A olass with phooygens or cyanide,

In the booklet, wvhich I zcanned hurriedly, prepared by
the Mathiemon people and distributod hore, there ars some
, estimated flgures on cral toxioity for man. Acaording to
gomo of our mogt recent datn, which have not yet heen published,
I think that those figures may be on the high side, By that
I mean thet they way be too optimistlo, Kydranine, I ghink.
%s ?ogo toxio by inhalation thon those figures might lead one
0 Infar,
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MR, E, MILTON WILSON (Aerojet Enginesring Corp.): If
T may add a qualitative atatement as to toxiocity studies,
having handled both hydrasine &vd nethyl hydrasine, I would .
eay the latter is far more toxic. Do not handle methyl )
hydragine outside of & good fume hood} it cap give & very
serious headache, )

DR, XKRUSE: (To Dr. Krop) I should like to ask Aif you
are reforring to inhalation or skin-contact poisoning?

DR, XROP: The former,
I think that tho discussion of toxicity in the Mathiesen

- booklet ims a very good one, as A matter of fact. The informa-

tion esssntial for preveuting intoxfoation is all there, .
nanely, adequhte protective equipuent, adequate ventilation,
undttxh use of water - plenty of it and fast - after skin
contaot,

THE CHAIRMAN: Dr. Gants; vould you like to comment on.
“Dre 7o D, Clark's observation on the liburation of iodine on

the oxidation of hydraszina? :

DR, E, 8T. OLAIR QANTZ (U.8, Naval Ordnance Test Station):

One thing that oaourred to me ia hov rapidly he added lodate
in thowe titrations and whother the luvel of the ‘hydrochlorie
acid was as high a8 mout people recommeund, .

Although we didn't shov them, wo have slidew with us
whick shiov that regovery data starting with hydrazine gulfate
rather than liquid hydrasine is about as high as you oan
over expeot from good analytioal titrations end we should
have had lov results according to his statements,

I wondered about what lgdrochleria solution you need,
DR, CIARK: [t was quite & strong solution but I am
not sure of ita exact atrongth. We had no gusrantee that
the 1odine loss was aignificant, but we wero scarsd of it,.
When we found out that thore wan nni loss at all ve veren't
o

hnggy with 1odate, and didn't want have anything uore to do
with 1t,
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DR, GANTZ: One sdvantage with iodate in fhnt it 19 an
extremwsly stable substance. You hardly need to oheck it more
than once a month at the most, ) .

- DR, CLARX: That is quite true, but ve found chloramine
quite satisfactory, too. :

1 A MR, MANDAS: Ve bave found the same thing, Ve also fousd, .
E . aocording to MuBride, that & 6 molar concentpation of chioride
B jion at the end Eoint is absolutely necossary., Our expeiience
i q " has showvn that three titrations are usually noo.lunrg. ‘*he
{ : : first titration is run hurrisdly to roughlg looate the end point,
! The suocemding titrations era ocarried out { repidly adding :
f . the standard solution until tvo or three millilitera from the
; snd point, thus permitting the ne¢es.ary cautious approach of
) o the end point. We have had very good results with it using
1 | ) primapy standsx»d hydrasine sulfate, 1T don't doubt Dr. Clark's
r findings as iodine vapors cap he seen over the solubion 4f i '
. it beoomas varm enough durisg the titwetion. However. oup
exparionce hay shown that sny lose doex not dnoveanss vhe
agourady of tho titrstion, whioch is from tvo to thres parta
per thoueand.

' DR, XKRUSE: I am voodering 4f some orror could be intro=
duged b{ titrating in an open vessel, It i» concelvedle that
A , the evalution of nitrogen gould carry out some iodine. We
have elvays ltogzcred the flesk and shaken the solution thorough-
1y betweesn additions of the standard iodate solution, .

THE CHATRMAN: Dr. Clark, do you vant to oﬁnmonb on that?
DR. OLARK: I have no somment on .that. ‘ :

8 ‘ MR. MANDAS: We hava succenssfully titrated in both opib
and olosed vowsels. ’

. ! ] THE CHAIRNAN: Professor ¢ilbert, vould you like to
] comment? - .

PROFISSOR E, 0, OILMERY (Oregon Btate coneso}t It 1
grobably unnooonnngx. "l only comment is that my favorite
itratiton 1y the lodsto titration uaing the Elll' stoppered
flask for titrating hydratine sulfate, I think that 1o a
better tethod as far as I gm conderned after ten or fifteen
yoars of oxperience. Quantitatively, if you use the glasa

e e
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- leog{ured flask, it {8 possible to get the correct results

vithin a fov hundredtha of one per cent,
: : THE OHAIRMAN: Thank you, DIr. Gilbert. )
|
’ Professor Schlesinger, would you like to comnent on mome
i . of the papera? ' ;
L ' PROFESSOR E. I. SORLEBINOER (University of Chicago)s No, |
i . thank you, ' . - o

o THE CHAIRMAN: Professor Urry? _
' PROFXSSOR UKRY (University of Ohicago): - I bave mo comment,

N ‘ THE CHAIRMAN: Well, if there is 'no fuvther discussion,
we will recenss the mesting until tomorrov worning. _
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SAFETY IN THE HANDLING OF HYDRAZINK
vy

' J. B. Troyan
Mathieson Chemical Corporation

Rydrasinoe is recognised as a versatile, reactive chemloal,
vhioh though poteatially hazardous, can be ﬁlanlod safely if treatod
vith proper precaution, Problens of oxnlooion fire, and toxioity
are of prinnrz conoern $0 personnsl working vtsh hydrazine, In-
faorration pertinsnt to these subjeots is vummarissd and evaluated’
&8 an approach to defining sefe praotices, It is shown that
stability of hydrasine Lip influenced by temperature and materials
of construction, DNogomposition twy be catalysed in certain ouses
to the point of explosion., '

Intreduotion

Hydracine is a nev induatrial chemical, vhote present and
projected uses are bhegsed to a large extent upon ity high degroe
of reactivity, Thias same groporty. hovever, has in the past given
hydrun&so the reputation of baing an unltabio and hazardous
ccxpound, :

Nisapprahension concerning the nature of hasards involved in
handling hydrazine stavted before the sompound vas isolated, and
has oontinued for zore than rart{ years, Ourtius (Ref, 1), who.

irat prepared hydrasine ia nolution, expresased the aon ecture ‘that

the free base in s0 unatable that 1§ oan not exist in the Iree
state,” The pradiotion of Ourtius vas later proved ericneocus by
Labry de Bruzn (Ref, 2), vho imolated the anhydvous free banse, and
reportod thut "1t 15 a very stable coupownd, and in contrsst to
hzdrogon peroxide, not oxplosive, It odn be hoatud above 3009C
vithout being doocmpensd.” Deupite this obmervation, and in epite
of other experimontal evidenos to the contrary, the idoa of ine
horent inctability continusd to peraist,

In more rocont years, miscsmllaneous repoosts of fires and
explosions involving hydrasine have sustained the impression that
hydrazine vas dnngorouali unstable, Such incidents, in vhich exmot
causos have not besn cbyious, stimulate the kind of fear commonly
sssoolated vith unknovn risks. Only by inereasing our knovlodge
of the behavior of hydrasine under all oonceivatle oondjtions oan
faot be separated from oonjecture,
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i Al attowpt 13 mdde Ap this report tp gumasrize wuuh of the
available informatfon portinent to the aubLjact, to define the knuwn
arons of safety and danger, &nd to describe general safety rules
vhiocl have been usud by Mathleson Chumicel Corporation. Physlologi-
cal Larzarda, in addition to those related Lo decompoaition, fire

and explosion, are included in the discusaion,

Physiocal, shemical, and thornodznnllc properties of hydrasine
have beon oovered in oonaiderable detail in the excellent book by
Audrioth and Ogg (Ref. 3). As background for & disoussion or the
hagarde involved in handling hydrazine, cortain of the portinent
proportiss listed .tn this book are suwumarized hevewith, Supple-

‘ son Ar{,dnil, taken from othor 1iterature sourcsa or developed in
the Mathioson laboratoriecs, are also recorded, ,

. AloAl. Anhydroun hydrazine (Noil,) is & highly polar, hygro-
{ scoplo liquid shich will absorb COp ur o%ygon from the atmoaphere,
i It melts &t 2,000, and baste at 113,500 (760 o Hg). Binoe its

. : donsity as a soltd (1.146 -500) is higher than aw o liquid

{1,024 /200), there in no danger of rupturiag oantainexrs under
lrewring oonditions.

Yapor pressuresds are reprovented Sy the follovwing eupirioal
equation

1031°P(mm HB} # 77,80687 - 1680.745/(t + 227.74)

Valuus are plottod flor roforence in Figurs 1., Above the atmosphertie
! ' boiling point, dute avo anid to he less reliable due to thex .
: dsconposition. Fox bogt onglnee:ing purposes, the rouults of

Labry de Bruyn (Ref. 43 given in Table I are suffioleutly acourate,

TABLE I

YAROR_PRUSHURK O AWIYDROUS NYORAZINE
Tollp. 003 11’05. 140, 170, 900, 3500 500, )50. ’BO(TG)
Preas., Atm.: 1.0, 2.3,5 10, 26, 56, 108, 148

Agoording to the literaturs, hydrasine and vater form an
azootrope nixture whish boils at 120,390 7760 mm Hg) and vhiok
gontaine 58.? wol % Nalty. More recent vork roporte b{ Diunnam
(iteference 5} and durtle (Reference 6), and verified independently
b{ our latoratories indiuate that the aseotrope composition is
closor to 55 mol # NoHy (68.58 we),

[,
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Freesing point dutn on the NzHy-H,0 systea uvhiev the compound

Nolfy «Ha0 to be a atable aclid phahe nnftiug a% ~51.1°0.o Eutectics
exist &t 29,5 mol # (~889C m.p.) and at 56 mol £ (=13.5% ®ep. ).

%in al. FProm a striotly chemioal stendpoint, hydrazine is
dlanairied as a very strong reducing agent, and a mildly alkaline
base. It reacts roadily and exothermicully with mopt oxidising
agrnts, the upred of roaction degonding.upon qongentration, tempora-
ture, onttlyere oonditions, and the specific oxidising agent,

Examples of oxidiming agenta inolude not only the elestro-
Rogdtive elements, and highly oxidised onmpownda, but alao lover
oxides of some votals and ovon ¢srtaln metal lons. Mydbasine may
ba liquid or vapor, cojucntrated o dilute, frew or 4n combined
ford, Prlinoipn :roduntn ors vsually Ng and Ha0, but in soms cases
oubstanilal ameunts of Nila ave produced, Typioti reactions include
roduction of salts or oxides of copper, iron, a'lvor, moroury, and
sany other nimilar notals, Ronotion with Mo6a. FQQOR. Mn0s, ¥go,
Ou0, PLO~, Or0 AgNOa, and Qu (o ? Ay bo plrtiovllrly violvnb.
‘thin mapfed nueivi ¥ hny agoelorated decompooition snd even
cuucod fires during une and storage of hydrasine,

Atumospherie oxidation of hydyagine vill ooour Lf care 1; not
taken to axoludo aiw," It has been veported (Rof, 7) that BH

N, u#-n 0 is oxidlsed voughly 5% per hour vhon violontdy agitated

n% oopt Lamperaturn, Whon nob opitated, oxidnbion rote in ouly
0.01%/Mour, Rulos are groatly aocoloru%od as tenporature iu wvalsed,

Rven vhon oxygen im ahaont, hydrasine ia oapable of aelf-
axidotion and rodustion, rermin{ nitrogen and amtcnin., The latbter
roaotion prassede at o hogliglvle ubo at amblont tunmparatures and
undor ordinary oirsunstances, In tho prosense of ocurtaln ocatalysts
or cutalytio surfAnes o» at highep tomporatures, deonuposition rato

inoreocen. ‘
Efngﬁ,n%, Conhunbdon, snd X ndve. Oombuation of hydrasine
as & . liqu & 1a ﬁf%&&ﬁh a’ané%&hfn%i 1 ghlt to initlate vhen the
satorial iu ooid. fgaition will oaour only whon tompwratuvs has
besn raised adove »ough1¥ 100%F, When burning faoely in adr,
hydrssine behaves much 1ike ganoline, nowovori s hedat ratnes ita

temparature to boiling, hydrusine burns fiorce ) 28

Flash and fire pointa (opon-oup) tor hydrasino~vater mixtures
vore detormined roownttx in MAthiumon's laboratory, Data vers
obtained uoing regular ASTH techniquos (D92-4G), except that
Blaos oup vas oubstitutod for the metal to obviate any catalytin
offacts, Resulis aro glotbed in Figure 2, }lash pointe of Y008
NoHy and 856 hydrate (54.4% Nolty) vere 1250F and 1930F, respectively,
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- It i nsouned that the closod cup flash point for 10U% r:ﬁu,,

i vould approsch 104OF, vhich is the tvemperature at whioch liqu
hydrazine has sufficient vapor Lresaure (35 mm Hg) to give an
explonive mixtury with aipr, This lover explosive limit, corres-
ponding to ¥,7% b! volume in air, vae reportsd by Joott, et sl
(Ref. 8). Table II shows comparable data for other fuels at one
atuosphara, 10090, and with dounvard propagation of the flame.
. TABJE II S
N - ; 1 EXPLOSTVE QONOENTRAT ' o )
) : *. ) ) . . ) ) - - R "
| Acetylene : 2.7 L i
N . b
| Methone - 3.2 )
| . .
{' Hydrazine - b7 f
: Ethane . 6.0
Hydrogen .. 8.0 )
Carbon Monoxide 15.0 ' ' ﬂ

In vonbtrast to most other fuols, hydraxine has no upper limlt to
the vshge of ewxplosive consentrations, Although unuasual, this ‘
| : bohaviny is not unigue. At ulighulg olevatud prossures (4.9 paig ; !
! or more), tho same behavior is exhibited by scelylone, ’ :

~In eontnot ‘Lth catalytis murfaoes, ipnitlon of hydraxine

i ouours spontsnvously at & tenmparature dependent upon composition

i and condition of wsurfaco, and on tho coupositiou of the vapor

wixtura, Doto-on spontihasus ignition temparatures cover & wilo.

: rnnge ~= from leas then J09C (for liguid N.H, in contuaot with

: ' platinug in On atmosphoro) to more than 4l o8 (tor non~oatulytis

vurfaoes in abhonce of oxidants). Rokotions betwesn 1iquid hydra-

: gine and atronger oxidising agents may be initisted at even lover
tomperaturos, Rogults of ignition tosts carpied cut by the i

- Buroau of Minen (Ref. B) are shown in Table III.
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TABLY 11X

MINIMUM IGNITION TEMPERATURES OF ZINE

: Ignition Ignit. lag,
Sunface . Atmospheve Terp,, 9C Seconds
Pyrex glase aly o 270 3.9
Pyrex glase _ 0g 204 I 7}
Platioum . - a4y : 226 o 3.0

 Platioum , 0p . 30 . 6,0

Ferrio oxide® - ' atr 3] -
Ferrlo oxide® Mo a3 0 -
Black iron- air . 132 instantaneous
Bluok iron - §n 121 inatantaneous
Stainleoss nteesl . aly . 160 . 2,0
Stuinless steel Btr . . 156 6.9
Stadnless steel ﬁa ° C .

& Powdered Fe~0-4 sproad over hottom of flask,
b Sparming, tﬁen rod heat, Fluwma after alr entered flask,
¢ No irnttion up to 41590,

_, Siuflar data were obtained by Plostiuny Arsonal (Ret. 9) fop
ignition of hydrazine in air, Tewperatures of ipnition ware 22070
on olean iren, 13590 on iron contniming a Pilm of Foa0x, 110°0 on
oxidized Woods Metal (50% B1, 25% Pb, 12,.5¢ Sn, 12.5? aa) and

220°0 on poreelain, )

It L5 noteworthy that evun in the presence of air, the minimua
obaerved ignition tempsrature over non-porous, non=-oxidizing solids
Ls woll above tho boiling point of hydrazine. fThe ignition Lempere=
ture of 273°C for hydrasine in air over Pyrox glass is comparable
with values for sown of the lower paraffin hydroocarbons, ranging
fenin 21800 ror n-ootano to 46290 fer iiobutsine, measured in the
nao apparatus (Ref, 10),
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Qualitative dats on spontaneous igaition of hydresine in alir
indicate that the nnu’:r ox“uur solids L8 ROt & RECOESArY
sonditien for spon ous igtitien at room tempersture or belov.
Such ignition vas observed a4t Nathieson vhen &sbestos, expanded
vermiculite, kieselguhr, savdust, and soms metal powdern were
nointensd vith hydrasine and ezposed to the atmosphere &t Yu.s
temperature, The phenomenen is similar to the spoatancous igmition
of ary 0ils, starting with slew oxidation wader conditions thet
prevent the dissipation of the heat as fast as 1% 1s nhoutodl
snd prosssding faster as the tempereture rises uatil the ignition
t-rntuc is reashed. The effent of the porous ¥¢lid may be
either eatalytioc or simply that of & barrier to dissipsiion of heat,

Proa the previously noted faat thai hydrasine vapor bas no
apper limit of o::loun concentration, it is obvious that the
xnuloo. of aa ox auu! agent is mot & neevesary sonditien fer
soomposition of hydrasine vipor, The energy libdeisted by de-
composition of hydrasine vapor alons under suitable comditiems eof
tempereture and comeentration is sufficiemt to propagate the resetion
A8 &0 explosive vave.

Beoause of the lov vapor density at pressure of 1 ata oF less,
the explosion is mot violeat at fll’.nﬁ“‘l up to the acrma)
voiling point of hydrazine (113,500). At temperaturss below 10090,
the saturated vapor in oontadot with excess liguid Pno ))lll been
oxploded in glass vessels vithout rupturing them (Ref, 8). Pure

rasine vapor (vithout oxidant or diluent) will propagate aa
explosion initiated by an sleotric spark «t any gun\\n AbOVe
about 12 xm Ng, ocorresponding to saturation "t about 2200,

Non-oxidisziag gases mixed vith hydresine vapor tend to inorvase
the partial pressure of h?"“%’ required to propagate an explosion.
Tadle IV summarises data (Ref, on explosive limits of hydrasine
vapor in misxtures vith several Luert diluents. Ia geneml, the
ainimun explosive conmcentration descreasss as the to pressure
and temperature inorease; dut theoe factors ar of less importande
than the nature and proportion of the dilwemt in the aixture, IV
13 to be noted that asmonisa is more effective than vater vapor,
heliun, or nitrogem ‘a erull.u the propagation of explosieas
in hydresizs vapor, The differeice detveen Ny and Ng 1n ehanging
the explosive 1init vas also shova by Beaford (Ref, 11).

With No padding, an explosive mixture will ot exist belov
87°0, vhich is the temperaturs corresponding to the vapor pressure
giving the lover explosive limit socncenvyretion,
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et dinn LLLUEIY

T
IRTERER AR A Iy

' )
Vol % Pressure R
Dilyen . Moy Total ﬂ;gi Temp %0

Nons 100 12 12 29
Nitrogen 38,0 15% 236 . 109-112
. 4€.6 " 185 90 100
Hellua 37.0 . 757 - - 280 - 105-118
Water Vepor 30,9 789-889 204075 130-135
B ] 251265 . 938 100
n-heptans ' 85.6 695-71% . 587-611 115
‘Amgonis 61,2 RETY I 90 100

Stability

Probiﬁly the nmost lmpgrtant, yet often the lecst desirable
chemloal reaction which hydrazine undergoes 1w decomposition, This
may progsed according to all op eny of the equations liated belows

3Nl = Np 4 MNHy ()
2N = Ny 4 Mg + a3 ()
NoHy ) Np + 2y - ()

It 1a gonerally conoedsd that azmonila produced in the first two
equations 1s dlssoeilatiod to the elenenta when teupersturcs are
suffisiently elovatod. Many mechanioms for the chali of rosctions
involvod have a]rmndz been desoribed (Ref. 3), so the topis will
not bo discunsmed furlhier in this report,

The w»nte at which hydiarine desonposition proceeds and the
relative quantities of the end products (NE, o and NHy) are
influenced by temperaturs ead by the prasence éf ontnly? ¢ surfaces
or muterinls, Thase twn fantors are donsldered below: .

armal Decomposltion. In spite of its thermodynamic instabile
Lty, hydrarine's rato o soomposition under suitable conditions

ar
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of storege is ¥0 that ordinary handling presents no serious
mhlu.'.ror oui;l.'o, An the ugo of :33’05. hydrasing has been
atored for many months vith no indicatica of prenaure rise due to
g8s evolution. MNathieson's experience has besh ooAfirmed by many
others using hydrasine, Oontainers of glass, Alwainw: snd 304 or
347 stainlens steels have Besn involved,

Decomposition of rasine wvas studied in our laboratories at
the boiling point nd at room tempsrature. OGas vhieh vas evolved
olosely & ched the theom:tioAl aomposition expressed by
squation r‘ The perdent of hydresine ““1'“:,!" day was
galoulated from the o8 of gas libevated, Coat tests in
Pyrex !J.uu at 113~11470 indicated that rate of decomposition of

X deoreased vith time of contact. The highest rate ogourred
in th‘ irst fov hours as surface vas AppArently being desotivated.
Deccmposition valuss r’ter sgveral hours were.l-.2% per duy and
after two hundred houra, 0.01% per day.

Oonsiderable work on thermal atability at temperatures above
¢ bolling goa.nt has been done b! Jet Propulsion Ladoratories
Ret Jsa + Studies of decomposition at temperetures up to 2650
50097) 1ed to the following ocnolusicms!

1, Qaseous reBine in the preaence of an ezcess of liquid
at 50051 or lover decompones &t & predictable rate vhich is &
function of temperature, Froducts are NEy and Np.

2. Above 500°P some of the ammonta decocmposes into the
slements.

3« The reaction 1s wal)l ocatalysed and rate ia independent
of the amount of liquid in the test chamder.

%, Coerteain materials signifiocantly increase dscomposition
rates and are usvally more important than surface catalysis.

« Oatalytio surfaces or materials
have & OO 0% on the stability of hydrasine than
does tempe The eatalytioc activity of certain metals is

rature,
disoussed in the following sections.

1n 8 "W Mook 56 Ok Nyds vas rertuxed under
v » vas 3
s nivrogen dlaniet (Re?, 13’. v.mdl :ou were checked at

20 ppm congentyation, measuy deocuposition rats by the
gos ovolved, 'hnu‘ the uoi::ol sheved 0.14% Nty decomposed

'.’;:‘,2:’6 { oo: “::d o o, ront:. :u ogpr&g ions
¢ MNPeQtiIvelY., ANples
oontaining h\m.uu‘, uoho’l, n:.;‘t 4 H H

,0% and acetate ions, vero

equal to or more atible than the control,
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In studlies conducted in tho presence of atmospherio .

oxygnn, Audrieth & Mohr (Ref. 14) found that traces of
disosolved copper strongly catalyzed autexidation of hydrezine,
Iron, cobalt, chromium, and niokel wvere not catalytie.

Although hydrasine is produced and stored in stainless
stesl equlpment, lons of iron, chromium, niocksl, ete. will
not be present unleas there haa been aait or acld sontamina-
tion. Under such circumstances, corrosion of the metsal may
aceur, Ohserved decomposition is then -unu{ due to the
nmt.n%no jona restilting frrom ocorrosion (solut on? of the
zetal. . .

b. Motel gurfoges. In finely divided form, uetels such
&s mol ybdenun, Reney niokel, iron, oohalt, or stainlesa steels
Have boon found by Mstlifeson ard others (Ref. 13) %o oshlz:o

hydrazige decomposition, ‘the effevt is assumed to he dus
both extended surface area and the spewoifio material iavolved,

Of more prantlicsl interest, however. is the influence on
hld_ngunn stobility of variou: metals vhen utilised in eheet,
plats, o- other massive forms. On the basis of a 1 sumber
of testy oconducted by Mathissdn, 1t hes been establys thet
stalnlenu nur;l (3gpe 30k or :M) in the preferred “ih%

neantruakion olybdenun stabilized staisless {Lype 316)
i8 Lo be -wa!.do& bacauaes of the fsotl that the mélyhdenun .
presviit ¢ talyses decomposition, Aluwgnna may alse be suit-
able fort uae with arhydvous, bu‘ fhope iv some av o
sorpostsn by Bydjnte Bt the bal Ang point. Pisin s appoars
aluodt e @ivialels Lo stainlens bead under contrwlied fest
coudiitens, Wovaves, sitce the steal oxidixes nut.l!, and
{ron oxisé $@ wall recognized an & degompositisn setalyst,
Lw use of siwml in plant instéllations 1s not oomeidersd s
so.fe praotisu.

Gopper, L otesl, pap rxrom satisfactorily ss 8
matsiial or censtruotion fop raRine if oxygen 14 evoided; .
thih 19, i a_qnlrr!ont is net alluved to beoone oxidised du.rlu
use. On the ansly of prouunaw tosts of corresion resistanse
nad decomposition effests In L94T, ¢epi>or wos actually
ssluated uver staitless stesl for fabrication of a flash
diatillatton unit. The chuice ngru satisfactory for almest
two yeara, sinoe relatively trouble-free operation vas
oxgoumnd. Oxide film and/ev oxide welding slag inclusions
later recopninod as decomposltion datalysts, eventuall ssused
::1: nﬁ*iguog in the ocopper still, Use of sopper vas tLutm

soontinued.
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Decomposition tests Conducted at 50°C in small cylinders
of 347 stalnless ptool shoved that (1) 95.5% Naﬂu decomposed
to Ny snd Na; (2) rate of decomposition deorefsed lineavly _
vith time (0.68 /day at 2 hours; 0,002%/day at 293 hours); and

) decomposition vas greater whon more vapor phade vas
exposed to the metal (ses Tadble V),

TABLE V
IPRAZ 15Dgg;iﬁ;'JQiuﬂitihnhnnm} ,
BRIt (TR B g T P R I E TP B TR T
Dime, hrs, Ratio = 6,74 e Batio ® .35/
2 - .082
33 | -

os ' RV R - o1

72 o .069 . L0044
150 1 T 0026
250 036 ‘ ,0020

Pato are plotted in Pigure 3 along with other deocomposi-
© tion results obtained in Mathienon lahoratories, Ssleoled
data reported by Dattelle (Ref. 15) are also shown for
comparison, Values are suumarized in Table VI,

* _In & 55 gallon drum, the aurrnoo/vo.‘l.ung ratio would be
3.5/1. In our laho.atory vruas, using 24 om® sauples in about
150 oo of hydrasine, the ratiec is 0,16T/A. The stainless
bouhs had A 0,9/1 ratio, Battelle data shown in the figure
wore based on experiments using a 43/1 ratio. ‘This may
explain the higher dscomposition even though runs vero made
at 60°C rather than st boiling point. .

Molybdenum motal has beon observed to be & spuoifiec and
potant catalyst for the decvmposition of 1iquid hydrazine as
voll s fused dihydraszine suifate. Theru are several atandamd
types of stainless wteel vhich contain from 0.6 up to 4% Mo,
Merngo ocontont of other stuinless steels i1s aboub 0.15% vith
0,5% nquonu{ noted, Evidcenoe is not suffiolent at prosent
to varrant setting &4 Mo tolerance on nteol for hydrazine
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HYDRAZY MPOSITIO o F

renpgntu_u - Time, % no:o-poliuon

- b

Metal Hrdragineg %0
Mathieson Daty ’

Control 1n Pyrex 95% LI 5.5 . 103 7’

Oontrol in Pyrex 95% ney .o 16 0 Lo90 . i

) Control in Pyrex  95% 128, 86 068, . )

Oohtiol in Ryrex 958 s . e © J0L8 ;'
r 304 1 L R X A o
L 30 as L ZE T VSR Y .02 ; ‘
i 304 a8 (weldcd) o5k 114 L] 023 : L
f 304 an (] 114 %0.5 033 : i1
321 m 9% 11y L5 BN L bob

AT wn 95% 1y 2 0352 ' ‘

; 316 e8 708 ¢ LS 5.2 .08 o

. _ Aluninun 28 - 958 114 b5 - .08 oo

| ' , Alwiinua 28 548 s s o i

I Brags ('Rod) ' 5% 1k 63 '. _ ) .015_' ‘ {

. Steel 95% 28 6 .  .079 ;

{‘ Steel 8 w2 . a1 !

:‘ - Bteal (rusty) o8 102 4.0 23 !

Batvtelle Daty (Ref, 151 ' !

Muatnus 28 gsf 60 720 3% )

Coppur 958 60 720 896 5
S Iron 958 . 60 720 +063 .
. i Pyrex o &0 120 EET'Y P
; 9% 60 70 - A T
'_'.a.", 216 , i
Al P
e !
Cpt . '

PR L
e ey Gl
%‘: ; ! ! ! N wi—. _ e




oquipment belov 0.5%, but it olearly indicates that tyfcl
containing molybdenum should be avoided, These would include
309, 3%, 316, 317, 329, 416, 420®, and 430P., Although types:
Jo‘ and 5“7 vore reeommendsd for Mathleson use in shippiag
eontatners, oqulg:ent, and piping, most fabrioation in the
I;st fev years, has been vith 304, oving to the wunaveilability
Q .

0lin Industries (Ref., 16) have 0lso establiished that
nolibdonun -trongly OIUIi{l.l the decompoaition of hydrasine,
Cylindera of vurioun met »
refluxing hydrasine and dedomposition vas measure
rise Aue to evolved NH. and N», Data are suumariped in
Table VII, It is olosfly shoin that 316 stainless stesl and
onpecially Haatelloy A are decoaposition catalysts,

. TABLE V1I
APOR PHASE DECOMPOSITION O
(Presyurs Rise, mm Hg in 14,5 hours)

o 34T ew 216 as -
Tomp [0 Blank 20w 8 Ch. 44 Mo Nioksl Hestelloy A

50 1 1.5 1 . 18 5 117 .
5 1 on 19. 1% 79 198 (2 hra)
115 © o;om' 20‘,?2510 63 209 146 —
inhibiting matorials bhave

0. Jnhibitory, A nwtler of
bren proposed (Kot's, 13, 14, 173 to roduce decomposition of
hydrazing viloh 1a oatnfllod by various metals. One of the
most aipgnificant materinla raported effective was csdmium
addod as the acetate (.1-.5&3 or employsd as surface izltlng.
Tho murked iuprovomont in wtability claimesd vas verified in
our own laboratory teats,

itd Bydra + The conditions under which liquid hydrasine
decomposos & oonzro od rates, or gaseouo hydrasine explodes
have boen discuuved in the forsgoing section, It is desiradle now
to consider the evidenuve portaining to the possibility of explosion
in the 1ligquid otate. .

Because of susplolons that hydrilino might by explosive, ita

sensitivity to various types of %nitincin? inmpulsvs was tested b
the U.8, Bureau of Mines (Ref, 8). The 1iguid shoved no indtoation

oLy

were exposed in the vnso:,ph::o ::. L
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+ Sube fum ::l“ "eer,

8, I8 oould met be detomated by & No. 10 detonator
o ﬁumu sxonger than s‘g:. 8"’3' eap), under mtld
conrinemens, » ratures up e 10590, As rocs temparature, a
BLELIap vith & 80 gram beoster of Setvryl (01104 %o
detenate 1§, In these «“ubuu{htu 8, the eom’nine' v vere
Aa1 ths venilrion o ond ia vaien & Se gave Be exlaoncs ot ey oY
X " u
fron'the Eydratine semoios tiosnge of wuy

of imsmsitivivy ':g‘tmn or friction, mor to eleotrostatic dise
L
)

SIAItar tuat of, 8 whiioh 10 gram ohargos
In the balltess ata ) sa 10,838n oharge

- of Lydvasine vere fired wish A S0Ratory

2
xﬁ‘nr«at of the I‘I'l:f\l or ) oharges of MP tested under
Ve, dame senditions, the uﬂ s g talsa a8 sn indioation
::At the mrnm doteulod“uur the ﬁmnm of oconfivement

i mortar, 16 vould ssem more probable that the hydraziue soted
82 4 fuel souporent in o ided Sxplosive Uhes as oa Looioaius poy

: ¢ was further substantiated b three repltieate tests
OIPI"::‘ Sul for Nashissea by Trejaa Dzn» O, A apestial detomator
vas fimd in thess %ests in SMNAet vith 1iquid h‘m-m in a
Rrereaiae vas saneoy beld tpersed as tpser: anb ibest X8uine

[
2ema1ned 1a the Lost soataiiis) Oompariecn of ths Loa plates

vith simtlar plates fired as Blanks showd dhat the hydrasine di4
not detonate,

Additionnl data on ¥he lack o sens.itivity of 1iquid h MNrine
Shitatees Bust, perasd eyl el 4117 S lita e
aitroms thao ho'dﬂo:l.h the ?a hydrs fubes were

V] .
Mptured o in the sone of detonat sharge, indicat
the staviifty of Bpdraning to Shosk o 'iA8 ! e

W. Bocause of the ease with
vhioh alons r sAn be taltinted, (t 1a ime
::oh ntnlouon t'-‘l.n cudﬁx:: Sy oxies taTaosult from
handl Although

date from direet oxpirimsatel mpesiradture dud
» XpO

ot a able, the maxtimun attuinable [T oan be entimsted
vith swffielens sosuresy for preseat h’:c.u.m

Vhen hydrasine vaper dee 008 40 %5 elementa, the heat of
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rolutively lov temparaturv is a0 nearly oon'pleto 8¢ any reasonable
pruasure {mu the cnly recotion that nced be considered 4s .

NgHy = Np + 2Hg : .
Using tabulated values (Ref, 19) of B,° -E° -f c, a7
[ B

for tho gases resulting from sxplosions, the heat contents of the
reaction producta at the original temperaturs can be olnilz
ostimated; and this, added to the heut of reaction, gives the total
heat contsnt of the reaction -produsts, from vhioh th

ture oan be ostimated,

Tiblo VIII shovws the results of several -302 ollég%ntionl Lor -

saturated hydrasine vapor in the mngo from 679 to 170
' ' TABLE VIIX

Inittal  oittel  fem, gimiz fat N
APe - s 1 1' Y ('] ] . oup, i atlio f W

14 0.167 1360 1700 18,00 2.50 22
87 0.386 1349 1709 14.23 5,50 66
96,5  0.55% 1344 . 1mad 1. 7.69 98
113.5 1.00 1233 1A T 13I8 13,28 282
140 2,30 1322 1735 l2.60 29,0 - M1
170 8,00 1308 1752 11,85 59.) 85T

If air 4s mixed vith the hydrazine vapor, the fron the hydra-
sine docomposition is hurned, yielding N, + Ho0, with either or
Ry if the air op hydvogon is 4in excess, Bounﬁlo of the largs heat
of the combustlion reacgtion, the pressuro rise for explosions of
alpy anburated vith hydiasinoe at a total pressure of one atmosphere
is greater than for oxplosions of pure hydrasine vapor at the same
tempurature, the difference heing groatest for mixturss approximate
12§ the stolchiomotris proportions for oomplete combustion.
Caloulated values of final tenperaturos and prossures from
explosion of mixtures of alr with saturated {drtnino vapor at one
atmosphere total presaure ars shown in Table IX.

el9

e rinal tempera-
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{ . TABLE IX o I

‘ . ( TEMPERATURES & PRESSURTY PROM EZPL
IR i b o RAED F TR D

Iaitiel Temp °Q Enal Tomwp °K Rinal Press. paix
bt T2 18.5 -
P - : T3 IT o 100 f ]
: o e 00 - 142 !
" " 8y o ‘gse6 .. . 16 _ i
%5 - wmm . 162 S
|

It'nxtrogon 1 uuﬁntitutud for air in the nixture, the . ;
I calonlated waximwe prevsure iv deorensnd sharply to a value only C
: slightly granter than that for Suro hydrazing vapor undesr roduced K i'

pressure., At 879, the caloulated maximuum pgouuuru in 76 polg,

and the temporature rise is 8 + Belov 87°0, at whioh the vapor '

Proasurs of hydroasine is equal to ite oaleulated partial pressure

at the lowexr aanlouive limit of mixtures with nitrogen at 1 atm

{Table V), no exploaion should odour, ‘ f
Hfaximum oaloulated presouras resulting firom explosions of

saturated hydrasine vaypor, alone snd mixed with air, are plotted

ageingt cuturation tewporatures. as solild lines in Fiauro +« The

brokan lines represent nitrogen saturatod with hydrezine at L atm

total pressure. '

It in to be noted that although the muximum pressure developed : :
by explosion of tha pure vapor dsorgases rapidly as the temporature
43 veduoed belov the atmoaphurle hoiling 80 nt, 1t deoxvasen but :
little with twuperature in thab range i the ?r01luro is maintained
© by admitbing air, down to about 6790, vhers tho hydranine and alw
are in ntoichiometris mtio, JHelow ﬁhiu teniporature, the mmximus
prossure dsorenses rapidly.

Tho chiaf advantage of padding with nitrogen is therefore to
revent foraing air mlxtures that remain explosive at moderately
Llov touperatures. Sesondarily, it is to be noted that dilution *

of hydrasine vaeor vith nitrogon narkedly decromses the saximum : )
teumperature, although oausing a slight inoreass in the maximum ' .
pressurs developed Ly deoomposition, i
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Phyaiolopicel lisgards ,

The qualitative knowledge that Lydrarine is toxio to animals
is almont as old as tho compound itself, Ourtius (Ref. 1) stated "
in 1887 thut the vnRor attaois the moshranes of the nose aand throut;
and in 1890, Leov (Ref., 20) announced that plente, fungl, lover °
animals and meamslae are killed by small quantities of hydracine,

Du=ing the nuoéoeding rifty ysars, several studiecs were made
on the physiologlaal affects of hydrazine in experimontal animals,
but without ebtaining quaatitative data that would be useful in

" avaluating hazarda of industrial exposure, 0Oiuilurly, experience

in sommoralal produation of hydraszine hydrate in Germuny resulted
in gualitabive observations. oén reactionn of husan subhjects,
enpucinlly to hydrarine vapor in the eyes, but still without any
quaentitative data on the concentrations involved. These reporvts
contain two valusble implications, howvever:

'1. The vapor oaunes serious discomfort to the eyes in con-.
gentrations well below those raquired $0 cause goneral symptoms
or damage to nther organs; and

2, The effdot of the vapor on the eyes is painful, but ocsuses
no permancat injury.

Subssqusnt reports on readowm obmervatiuns of quostionable
obJeotivity have anarihed to hydrasine numerous affaects, somo of
vhlol may have been of poychologlieal origin. In tho absenoe of
dofinite ovidense to the oontrmr{ thene veports had to ba given
due sonslderation in tho formule ion of wafety practices for our
original pllot Plaut operations, with tho rosult that our stundaxds
wore strister thun necsasary in uomes reapscts,

The need lor reliable quantitative data has been 2nrt1 et
by & ostudy made at the Unlvearaity df Southern California, ]
report (Ref, 21) on this vork conatitutes the Yoat and mosl come
prehionsive traatimt of the toxio?hy of hydrusine to date, In
thin atudy, expsrimontal animals (rats, mice, rabhits, pigeone,
and oats) wero uvbsorvod aftor wemsured dosss of hydrasine ad-
winlastered in varlous ways, and asutopsies were performsad on the
snlmals thot vere ltlled.

Irom date on toat animals, it ves conoluded that single doses
of 100 ngfeg of body wolght or dally repeated doses of 10
(oorresponding to 7 prams snd 0.7 grams, relpootivolg, for
pounds of body walight) would bo "extromoly dangerous’ for A lan,
The "aocute Loxio dose” for man way sstimated at 0.5 to 1.0 gramw,
or about the suwm¢ as the 4dally reprated dose that would be
sxtremely dangernus,
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Inhalaticn tests of 1 hour duration, chiofly ca albing mico, . -

-indicaled that aingle or occesional exposures to 1000 gg: {vy .
ppm is

volume) In air are eurvivable vithout apparent harm; 1

dangerous, sometimes lethal; and 2000 ppa or morn is almost always
lethal, It was romarked, however, that "the acutely dangurous
conoantration in air is ruch higher than that of chemicals such as
nitrogen dioxide, carbon wonoxide, and hydrogen sulfide;" and it
van suggested that "acutely dangerous concentrations would be as
intolerable as uvtrong concentrations of amweonia,™ It was noted
also that "hydrazine vapor in air can hngdly be olassified as

dangerously toxic in the ordinlr1~uonsp. .

It i3 Mathleson's obssrvation that physiologloal hazards mnz
be of major cancern in the handling of hydrazine only when relatlively -
concontrated aolutions are involved, Dilution reduces both the
vapor pressure and the corrosive affect to such an sxtent that
solutions containing leuss than sbout 258 froe base are a0 mere
hazardous than solutions of many other chemicals.

The most serious hazard is apparently from socidental aplashes
of concentrated hydrazine in the eyes. Proper use of goggles wvill
prevent most such eentuotsi and prompt washing with water should
prevent injury when splushes get by the goggles. It is reported that
vhon hydrazine in cwneentrations greater thau 20% ocomes in contact

‘with the eye for short perlods, permanent damsge may result,

Acoldental contact of concentrated hydrazine with the askin
will cause a burh unless the hydrazine l1s wached off, Buined skin
assumes a slightly bleached appearance and sweils slightly. If
wore than a snall erea of skin is involved, there mag be toxie
effeots auy waell. Protuctive olothing has £horafore sen used
vhenever thera 1g danger of splashes; and provision is made for
proupt and thorough washing of any hydrasine that reaches the body,

The vapor is apparently less dangerous than formerly believed.
Our general rules has been t0 provide enough ventilation to avoid
any noticeable ndoxr of hydrazine in work spa.ss undex normal
conditions, The concentration at vhich the cilor of hydrazine
becunes noticeable has not been determined, and presumsbly varies
vith the individualj but we would estimate, on the basis of our
exparience, that the odor tbhreshold is souswvhere helow 100 ppn
as compared with about 1000 ppm survivahle for one hour by mioce
without apparent harm, :

Mathieson's only plant experience involving exposure to fuues
appears to be occaslonal headaches, These lave shown up vhen
operators have worked in ¢lose quarters foxr oxtended perlods vhere
hydrazine vapor wes apt to axist (drum £1lling, sampling ia dis=
tillation area, ota.).
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After soveral years of pilet plant groduotion experience, 1t
hss been observed that the moat prevalent health husard idcntified
with hydrazine and its salts is dormatitis, Even then, only
relatively fevw cases have cocurred. In amout instances, the source
of irritation appeara to have been acidioc sal%s of hydrazine rathe~
than the free base, MNono and dihydrazine sulfate and hydrarine
hydrobromide were speoifioc causes in several cases, It has not

yot besn pussible to separato the effect of the innarganioc actld from
hydrazine propsr, HNevertheless, the walts ure assunsed to be
hazerdous or toxic to akin and are handled in a manner to prevent
irhalation, ingestion, ox skin sbsorptiocn. .

)

. . QﬂﬁzfﬁlTZEéﬂﬁ o In fornulnting specifio ruled to be
follove deslgn ond operation of plants and equipment to handle
. hydrasine, the folloviog hasio fasts, summmrizing dats from pre-

ceding sections should be taken into consideratiom:

l. Hydrazine vnrar is combustible. Alr saturated with it at
temperatures above 1049F (400C) 1s an explosivu mixturs, This
oorreaponds to 4,74 by volume of N 52. or hyilrstfine vapor and
nitrogan, the lewer explosive 11n1§ s 388, (saturation pressure

at 18%9F (37°0)), »

2, The vapor alone ls also sxplosive, decomposing with &
theoxetical touwperature riss of sbhout 130060, and produsing a :
maximun caloulated pressure about 12-14 times that of the original
vapor,

- D+ Both the oxidation and dooonposition ruastions may be
oatalyzed, The catalytioc reactions, clthough slov at normal
tomperatures, any raise the temperature until resction proceeds
et a dangerous speod, : .

4, If a mixture .of vapor and an oxldiuins'gnl in cnntaot'
with excess liquid phame 1s exploded, rotutlon 18 propagated
through the vapor, but not through the liquid phase,

5, Doth the llquid and the vapor react readily - in sows oames

violently - vith many oxidiring ogents,

“ 6. Hydvazine is toxic vhen ingested by johalation op othere
[ [ Y

gifgégyioggﬁ Under the reguvlations of the 100, hydrasine 3s
olassified aa a "corposive liquid," This olassificaticn (Ref, @)
was entablished and appropriate shipping containess were specified,
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ou recommendation of the Buresu of Explosives of the Associstion
of Americon gn'&ii::dl. !ht: followed a rou:g. °f.. :g.u;. a-“::zlm
] o8, & rLion O m ne v »
rrzzouuﬁ o1a38LfL0abion ves ohosen ne best affording the pro-
sotion for vhieh the regulations are imtended.

Altho Tasine 4s a 1iquid, and is admitteddy coubustible,
it 1s not mz olassified u: s’ "inflammable :.m!a.a hien 10
defined as ‘any 1iquid vhieh gives off inflammabdle vapors (ad
8’98;""‘“ bhopu-ouy flash point) at or delow & temperaturs of

. g- ash ‘goht of hydrasine by the spsoified method is
about 450F above this limit,

Regardless of thin variance, 1t vould appear tbat Lydrasine
Alght be classified better for salety 808 both &8 & sorrosive
and & flammable liquid with a olosed oup oh poiat of adbout
10M0F, It 1» not an explosive in the goneyally accspted sense of
thon:o:g, nor under the def! Ations of most applicable lavs and
regulations.

s The selection of materials of
soastruotion ror use 8ine is largely a predlem of
deo sition, as has besn dinoussed, rether eOrPONLON.
Novertheless, one must consider the resistamse of possidble
Naterisls to attaok by hydwasine.

In this reganrd, corrosisn retes were detemined for variews
astals being considered for sine service., Tests vere condueted
ia the absence of air», Data oAted that with the exosption of
sino, most metals corroded at rates of less t“wa 0,005 “:;”-’B;

' Y
e tures up to the boil int and gencensretions 5‘-
u:” 9;; TaMy -3:-. uvavod.%ou results are givem in Tedle IX.

TABLE X

+000 +000 <0048 +0002 »000
000 -

+0003 .o§o . .o§o~ ,000

- S

1000 - : ¢ :

060  .0000 - - .0005
223
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tolloving lasmen in wnight (gms/fem
0.,0007 364 &

j aon's gtudies, At 65
?
]

magnesium. 7 .

R " even frequent admission of ai», = |

- water, mineral acids, or salts,

—— e

f ‘;: . by socids,

However, furither teots woul
is adopﬁed oy recommended,

transparency iy desired,

226

. 2. It 19 often necessary to vork at elevated touporituron,;
| ar fmpusaible to be sure that desired temporutures are mainteined,

3. It 38 sometimen nocouiury to handle hydrszine containing

in hot aqueous hydrasine, soma solution may teka p
nafety ntandpoint, glass ia atructurally legs gatisfactory than
metals, Its use has been restricted to essential parts whers

g Work by chattnng Argenal (Ref. 9 gemerally confirws Mathie-
C ufter 10 mgnthn conthet with vs% N~Hy, the

) wera poted:

o8 - ,0012; mild ateel - ,127; end nickel ~- 040,

Corrosion was excessive after 4-6 months on copper, lead, tine, and

Alustinum -

- There are soveral practiesl considerations that govera the
- - cholce of materials of econstruction onco having the basio ‘movledge
1 relative to corroainn and decompositiont

1, It is impractical in many capes to avold ocoasional or

In view of the abrve, Mathiceon has considored it prudent to
avold materials which are attacked by hydrasine
r , active catalysts of decomposition under eny of

: . donditions,' Thus, any metel whioh rescta vith the atmouphere tn
form an oxide 1s to be avoided, Mild stwel and copper are con-
sidered undesirable for this romgon. A serious harard vould exist
for exauple; LI iron oxide should acale off and acvumulate., As
proviously disoussed, various oxides react violentd
Problemus of this kind aro bewt uvolded in our opera
ttainloas stmel type 304 whioh is also more resistaat to &

or vhioh bescma
e stipulated

with hydrazine,
ony b{tune of

ack

. Aluninum appears to be anothor osuitable material for construce

tion of drums and process oguipment containing anhydrous N%gz.
be desirable before use of al

aum

Olass has been found sultable as & material of construsbion

!
J |
% ' ’
1 'f from both a corrosion and decompasition atandpoint, exoept that
l

ce, I'rom a

{ P . For packing and gaskets, hard (or imprognated) asbestos and
Tefloh have bosn found scaeptuble, Polyeth
resistant, but is llmited to uuse at tempora

lono is ochemically
ures belov 160°F,
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- equipmont was redalred or revised by voldiusi
u

abrication and . To vliminate the huzard of hydrazine
combuntiun vhen exposod inordinately to alr, speoial attention muat
be given to assenxbly, fabrigation, or design methods. :

On. the bHasfs nf pilot plent exzerlonno, 1t has booab;ound
prefarable s " :i:veld thresded fittings larger than 1 in size;
otherwine, .--) 2tcur frequently, Carsfully threaded small-sisze
pipe, lub.*- - ¢ith plastic lead seal compound, and dravn up
tightly, hon ic:) nydracine fairly vell,

Care wust be ozerciged in making all velds. Existence of
flux or slag in the weld may lead to attack b{ hiurcllno.,r01u1t1ng
in leaknge. All jointa should be thoroushlx ested with air or : -
Ni3 under pressure before using vith hydracsine, :

It has beon observed on ssveral ccoasions, vhere process’
ihut accelerated
decomggaition of hydrasine in the process aolutlions ook place.
A technique of washing such metal surfaces with dilute hydrasine
prier to regular operation has been adopted as & safety measure,

It 15 not eoonquically pracsticadble ta use vesusels designed to
hold the maximua pressures that oould be generated by explosion of
hydrasine vapors within them under oonditions that may ocour under

. abnorwal conditiona, The teut pressure specified for shipping

ocontainers, for exauple, is 15 guig,.oomparod with explosion
prosnures of 200 paig or more that ocould cocur if the containers
vers exponed to firs. Neither ia 1&_5onorlllg practicable to- -
provide auffinlent explosion relief to prevent demage to & vessel -
thn; 12 not designed to withatand the pressure generated by the
explosion, .

On the other hand, it is reanonabls to require that containers
he designed to withotand the maximun pressures thut can be generated
by explosion of un{ vapor mixtures that ocsn exist within thenm
wnder normdl operating oondltions, Mathieson has conoluded that
if thiu rule is rfolloved, and if ressonable precautions are taken
to minimize the ooourrence of the abnormal oonditions that sould
cause rupture by explusiuvn, the resulting risk should be close to
the esovnonic minimum, :

Tho design of vessels containing hydrazine will depend upon
operating grcsuuro end tempesrature and composition of vapor present,
Requiremonts whioch have gulded our work are summarized as followst

1, Tor vessels to he used at atmospherioc pressursv and at

tomperatures balow 40°C, preasure requirsments vers only nominal
or suffiolent to vithstand air pressures used in testing for leaks.

2e7
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If the vesssl vas to be padded vith ‘"”ﬁ"' the “3;35““" limit

for low preseure erdstruction vas extended to about

2, Por vessels %0 Do heated to the botling point of hydrasime
OF below, at atmospherie presoure, o dnt: ,gnnm of 1) palp
vas used unless tempersture sontrol and faa iag vore
provided. lIn swch csses, & lover deaign pressure based on maximum
e:n:ﬁ prodused by o:p!ouu ot the ma opereting temperature
8 vsed,

orn e st U TS L AT 00 DU e
a g8 ']
hw:';:ouu:l.:o indicated by Pigure i?‘ po :

8inoe theae explosion pressures inosesse rapidly vith Sempere-
Sute, 4t is imperative to provide effeotive nfonu-‘- ltull’
tenperature sises adove the mAZimuN on whioh m.dnun » ‘uod.
Temperature controls om ves..ls 470 designed %0 "fall safe,’ and
are s omonted vith alarms and Suxiliary cooling that operase
vhoa temperature rises beyond a m-««m'.'( 1imit. Direet
injection of water inte Process vessels has besn s prevtioal
SHOTGINCY Nedsure,

vith inert gas ia llflo ¢ vherever prastiocadle,
Por uaheated vessels, n'!- & des uﬁ. precaution; for heated
yeRaels 1t is otically indispensable. A Bolder, riding on the
1ias 14 advisable, mot only to sonserve gas, but te deareass the
rlek of axhaustion of the §us supply. Ia any sase, hovever, aa
alérm should give varaing of lov gas lu’u&u‘ 8 Moserve s
should be Kept comnested to the syatem 80 " 4% onn be eut in
quieldy vhen nesded,

Neoased vessels are desigued to minimize She metal surface
xposed to both liquid and vapor. Neat Jaokets are provided ea
the betten ealy, in order te avedd nut $ 0Zpesure of hydmsiae
stgirity toiitd ST AT Attt
heating med 1 ead § i

th reasonable heds tramafer surfage, Oope
NOuS Process equipment vith minisws vorking volums is forable
;:.3:: . bateh oqalput. Operetion under v::m 1s avoy i

In our operetions iavol I‘txdmm the
ouu&??ﬂlims have R.. developed L“i. i1 4ia dvmn. and
3&":;:0::;3:1? 3:&-‘3 Tor Tacnend ase 1408 oF gooen

oA0R operation st 0
principles that have been applied ia 6’::' un;uuuul ur aerel
dperstions is given belew,
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1. ere filling any new plece of equipasnt with hydresine
make .m-.'ix'm it is afenn’ond r;oo fron ugc).c. IF 1% 18 tOo he b
used for hot concentrated hydrasine, 1t should first be filled
with d{lute hydrazine and heat to make sure that thers is no

od .
oxidizing matarisl prosent, H.ciun‘ vith 4inhibited snid to remove

rust or aill scsle is-a Jdesirable practioce,

2, Watch nev equipment ocarefully for leaks. Be especially
alert for the rirst few cuys; and continue frequent inspections
for several veeks, to bs sure that no slov leaks develop.

3, PFlush vith nitrogen before sdmitting magine 4t any -« .
temperature above 4000, or before hesting above 40°C, Shipping and
storage aontainers should be flushed vith nitrogen N_uhuou of

- temperature. )

%, Cheok all control instruments and safety devices &t
regular intervals to be sure that they are in good operating
oondition, : _ : N _

5, After filling each shipping container with hydrasine for ' '.
the first tims, stors it for at leaat 24 hours in s losation .
vhers any leak thut may develop osn do no damsge.

6. When aquig::onh mugt be opened for any reason, make certain
that 1t 1s oooled belov 4090 and flushed with nitrogen befoxe

‘opening,

7. If‘vepairs or changes are to be made, equipment must
first be flushed with vater,

8, Goggles should be wém At all times in aress vhere hydra=

sine 1s being handled,

9. . Protevtive clothing such u'flovn, aprons, face shields,
eta., is roquired vhenovor hydrasine is being handled in such :
manner thet s oplosh may result, It 48 generally unnecewsary vhen
oquipment und wothods are propurly designed; but should be

lunediotely available for emorgensy use. : '

10, Gus ussks are uonecessary exaept for emergencies, vhen E
mun-tno manks may be uned; but they should bo readily avail-
L[]

11, Ewerpanoy shovers nust be rudni acoeasible for prompt
treatment of splashes. ’ :
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rod houseeeping ¢nd slertness are the prime feotors in detecting
esks ur opul.ago tefore ignition ocours. . . oL L .

13, Onos apillage is deteoted, flushing with vater is a
osrtain mesns orp n‘;nng or extinguishing £ire. Automstio
apriaklers are sa uuotor! for extingulohing fires, but should
be supplemented with msnually controlled vater luppir which oan be
used for prevention. _

Agknoviedmment
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E.‘, . .o piroﬁABILI@! OF SOLUTIONS OP HYDRAZINB, = B .
A MYDRAZINE NITRATE AND WATER B

. by . _ ,
R. D, Dviggins and B, P, larrick

. Naval Ordnanoce laboratory, White Oak, Maryland
\ _ Presented by R. D. Dviggine

' SRR S The Naval Ordoance laboratory vas assigned the task of - '~

Py
-

investigating mixtures of hydrasine, hydrasizne nitrate, and .
¥, : vater for use as a monopropellant for guns.. One requirewent -~
’ for a suitable propellant 1s thet it vill not be readily

] : detonated, It becaws necessary, then, to establish the

e F i e M m i sg s ¢

e e T s b

I + - Qetonability of the various compositions being considered, - :
5 D S  ADPARATUB AD MERMORS . ?
o L " The detonability test used vas derived from modified gap

g . teats as used by Dr. Noonan's group of our Ixplosives Researoh

Departmont, A sketch of the apparatus is shown in Figure 1.
A wooden stand having tvo shelves supported ou throo lags pro~
vides support for the test assembly., A brass pipe having &
. C +U0le=inch ooppor foil woldered over one end servus &d & con-
1 ' tainer for the solubion to be tesved and holds about 46 00,
Thia container is uade from 3Jeinch lengths of pipe having &
1,18-inch inaide dianetor and 1.5C=inoh ocutaide diameter, A
, 50~gvan toc:zl-pollot 1 tnoh high and 1-5/8 inches 1n dian=
! : ater, is used to initiate the test solution, The tetryl !01100
ia initiated Ly an Ingineor's Special blasting oap whioh ie
oupported Ly two vocdon oylinders on a trasck, Pigure 2 is &
pho ogrneh ot the npgurutun. A 3/8 x 4 x Beinch sheel plate
1s used (o indioave the nature of the explosion, .

In ogarnbion the tetryl pellet is placed in the center ’

of the bottom sheif. The brass fube 13 1nserted through a !

anug hole 4in the top shelf and rests on the tetryl pellet. .

A thin film of saran abeut .002 inch thiok is placed betveen B

the bottom of the brans tube and the totvI:. This film: }
d |

i,
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extends outvard one to tvo inohes, providing an umbrella to

\

i L dofleot any solution vhioh might be apilled. On tvo ocoasions {

; . rior to the use of this shield fires were